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COMPENDIUM OF SHOCK WAVE DATA

Introduction

Abstract

The purpose of this volume is to list in a concise manner the thermodynamic

data in condensed media obtained by shock wave techniques. The volume should

be useful both to people working in the shock wave field and to others

interested primarily in thermodynamic properties at high pressure. Therefore,

both dynamic variables and volumetric quantities associated with the shock

wave are given. The format has been selected to make the volume useful in

engineering as well as scientific research activities.

Content

Tabular Data - The information tabulated is generally derived from shock

compression of a sample of known density. Any two of the measurable quantities

tabulated (pressure, volume or density, free-surface and particle velocity

behind the shock front, as well as shock velocity) may be used to derive the

others. Shock and free-surface velocities were measured in most of the

experiments performed to date. A description of the basic assumptions and

* techniqucs has been given by Rice et al.I Some useful texts also exist for
i• 2
those interested in the experimental techniques and for those more theoretically

2-4inclined.

Pressure (P), volume (V), and energy (E) are usually obtained from the

shock (U s) and particle velocity (U p) by application of the conservation

conditions of mass momentum and energy across a well-defined shock wave. It

is, therefore, assumed that steady state exists in front and behind this wave.

The conditions are schematically presented in Fig. 1. The distance between

the two (cross-hatched) steady-state regions is usually small compared to the

dimensions of the system. Conservation of mass and momentum then yields:

1 0 (1 P0 Pi (u

and

U UL = i US1 -i Oo - -- m -

V IV 1 I I I

1 0 -U
1. P0



/ /5

'0U us up1
//

//

Fig. 1. Shock wave conditions.'

while the energy conservation condition is:

E1 - E0 - (1/2) (P0 + P1) (V 0 - VQ.

In the usual single wave experiment, the initial particle velocity, Up , is
zero. Frequently multiple waves are considered in this compilation. The more

general form of the above equations for multiple wave systems is obtained by

replacing the subscript 0 by i and 1 by i + 1.

Whenever they are obtainable from shock wave measurements, other
directly measured derivatives, such as heat capacity and expansion coefficient,

are also listed. However, there is no developed technology for these

measurements at the time of this writing.

A convenient summary of the tabulated data may be given in terms of a

functional relation between shock (Us) and particle velocity (U ) since a
5 p

valuable feature of dynamic (shock wave) measurements is the slow, and in many

cases, vanishing curvature of plots of U vs U . Least-square fits have been
s p

given in this plane whenever the data warrant it:

U5 C +$ Si JU-' SI UIi

ai p3 The sum is limited to nmax - 1 for most solids. This Hugoniot equation may be

transformed to the pressure-volume plane by use of conservation of mass and

momentum equations.

With each set of data from a particular source, the properties that

define the initial condition of the sample before shock compression are listed

if available. These are:

-2-

0!9



* V0: Initial volume.

"* V0 i: Volume from crystallographic or accurate volumetric techniques

3 (useful for porous materials).

"* TO: Initial temperature.

"* Composition.

" CV, Cs, and Cb or CO: Respective longitudinal sound velocity,

transverse (or shear) wave velocity. and "bulk sound velocity"

[=(aP/P)s/2 km/sec) derived from static compression or for an isotropic

sample (C2 4/3 C2 )1 /2 .
(L s

The quantity C0 is helpful in allowing interpolations of the bulk

compressibility between the lower limit of the dynamic range and the

compressibility at one atmosphere.

It may be noted that no subscripts have been printed in the body of the

S compendium. This is due to the limited character list of the automatic printer

that produced these pages. Therefore, V0 is written as VO, Ci as CL, etc.

While the above characterization is adequate for most purposes, some

structural transformations are comparable to or slower than the'measuring time

in shock experiments. Under these conditions, other sample specifications are

needed to adequately describe the sample. This problem has come up in detailed

investigations of dynamic yield points and in the study of phase transitions3 and chemical reactions. In the former case, for example, impurity concentration

and thermal history become highly important. Mixtures of solids and liquids

exhibit relaxation times that depend in a complex fashion on microscopic

structure and strength and, for high pressure shocks, on the temperature
distribution behind the front.

Comments - A comments section is provided for further characterizations

of the material and the experiment. The first comment is reserved for a source

statement. This may be the name of a person and an address or journal reference.

The second comment contains a characterization of the experimental method and

the technique of data analysis. To avoid lengthy descriptions on each data

3 page, short descriptions of each method are given in the section on techniques.

These descriptions, of course, do not dwell on details of experimental setup

or data handling but are primarily an attempt to give a short and unambiguous

classification of a series of data recording and analysis methods. For more

detail, the user is referred to papers and books on the subject. A review has

been given by Duval and Fowles. 2

-3-



Any number of comments may be listed by the compiler or suggested by the
investigator. The extent and format of these comments are flexible and depend

5 on relatively arbitrary decisions of the compiler. It is clear that these

comments can never replace the full publication.

Filing Order

The filing order chosen for this volume is independent of arbitrary

nomenclature and trade names and, when understood, is equally useful to any

language group. However, for those users preferring the English language as

a basis for searching this volume, an index for each section is provided. The

author index for each section is a convenient guide to the contributors.

The filing order is based on the periodic table. The basic system is

described in detail by the Office of Critical Tables,5 and some modifications

have been made in accordance with the latest modification of a numerical order

of the elemants proposed by Rossini. (See Table 1 and Fig. 4 at the end of

the techniques listings.) With some small exceptions, the categories, too,

are essentially those given by Rossini. They are:

Al. Elements: Filed by order number. For example: 0 - #i is filed

before H - #2, before He - #3, etc.

A2 . Compounds, including intermetallic compounds: These are divided

' 3 into groups which are determined by the element in the compound with

the largest order number. Subsets within this group are then

determined by the element with the next to highest number, etc. To

this end, each compound is characterized by the set of order numbers

(called index or finding numbers) of its elements written in order

of decreasing order number.

For example:

Name Formula Index

Sodium oxide Na 2 0* 99-1

Sodium hydroxide NaOH 99-2-1

Sodium fluoride NaF 99-9

Sodium chloride NaCI 99-10

_ _ Sodium sulfate Na2 SO 4  99-14-1

Sodium carbonate Na 2 CO3  99-23-1

Note that the automatic printer used for the data pages is restricted to
capital letters, so that the molecular formulas must be written with their
elements separated by dashes or brackets: Na 20 becomes NA2-O, etc.

-4-
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These are all members of the group filed under sodium in the above order. All

potassium compounds (#100) containing elements with numbers not larger than4 100 follow this group, while all lithium compounds containing elements with

numbers not larger than 98 precede the sodium group, etc.

The only compounds excluded from this category are those with two or

more carbon atoms (#23) and no elements above #23. These are filed separately

under categories B and C.

B. Hydrocarbons: Organic compounds containing only C (#23) and H (#2).

For example:

Name Formula Index

Methane CH4  23-2 (1-4)

Benzene C6 H 23-2 (6-6)

Hexane CbH8 23-2 (6-8)

Octane C8 H 23-2 (6-10)

are listed in the above order. Therefore, in order to find a hydrocarbon, one

must first find the set containing the correct number of carbon atoms and,

second, the compound with the proper number of hydrogen atoms of that set.

Polymers are filed under the monomer.

tC. All other organic compounds: Compounds with more than two carbon

atoms (#23) and no element with order number larger than 23.
D. Alloys, solutions, and mixtures: Materials that are not simple

compounds and that contain no component (element or compound) over

90 mole percent. Those that contain a component over 90 mole percent

will be listed under Al, A2 , B, or C to avoid scattering almost pure

materials under different headings.

The finding number may be a compound number derived from the constituent

compounds. The leading index will be that of the major constituent - not

necessarily the one containing the largest order number.

For example:

41-24-1--93-24-1

Olivine

(Name) (Formula) (Composition)

Fayalite Fe 2SiO4 55.0%

Forsterite Mg2 SIO4  45.0%

-5-



In this case, the compound index consists of the indexes of two minerals

(Fayalite and Forsterite). These indexes are of necessity complex, but they

4i allow for a minimum amount of conflict in filing order. No distinction has,

so far, been made between solutions and granular mixtures in generating the

index numbers.

The above example forms the heading for the data page of the particular

rock.

A large number of the materials studied have not been characterized

sufficiently to allow assignment of a finding number. These materials are,

however, useful for many engineering applications. They are synthetic

composites and geological materials and are generally categorized as mixtures

or organic plastics. A separate section has been provided for these materials

at the end of this compendium.

Techniques

Experimental:

A. Pin: The surface accelerated by the shock wave under'study may be

used as one pole of a switch. The value and complexity of this

technique for locating shock and free-surface position as a function

of time are well illustrated by the experiments on iron of Bancroft

aet l. 7 In these experiments, the switch completes a current path

and causes a capacitor to discharge. Alternatively, a voltage or

current pulse may be produced by a ferroelectric or piezoelectric

crystal on impact with a surface. A description of some pin types
8

has been given by van Thiel and Alder.

B. Optical flash: The moving surface may be used to compress a thin

layer (0.01-0.1 mm) of argon or xenon gas. This shock compression

results in a flash which is then recorded by a smear camera. This
1

technique has been adequately depcribed by Rice et al. and by
9

McQueen et al.

I Cl. Reflectivity change of a mirror: An optically reflecting surface

will turn opaque when impacted with sufficient strength by a shocked

material. A smeur camera is focused on a mirror placed on the

surface to be shocked or some distance from it and records arrival
2

of the shock wave or the free surface, respectively.

.. . ..,- •i " . .. " . . ."-- ( -"'- - -, .. "-•I



C 2. Turning mirror: Frequently surface structure of shock strength is

such that the surface of the mirror does not change reflectivity

rapidly enough. In this case, the mirror may be placed at an angle

to the shock front or surface. Impact then causes the mirror to

turn through an angle, thus removing a parallel beam of light from

the optical path. This technique is more reliable for smooth

surfaces than technique C1 but requires more care in the optical
2

setup.

C3 . Total reflection of a prism10: This is a variavion of the mirror

technique. Closing a void (as small as a micron) between a sample

and a glass or other transparent prism will change the angle of

total internal reflection. A beam of light reflected internally

close to the critical angle will, therefore, be rapidly cut off when

the void is closed. The prism may be placed either on the surface

or at some angle to it to determine either the arrival time of the

shock or the velocity of the surface.

D. "Optical lever": The optical-lever technique employs the change of

position of an optical image in a reflecting surface when this

surface is turned by a shock wave. In this case, the shock front

makes a known finite angle with the surface. The measurement of the

Cdisplacement of a series of images made by different parts of the

surface and the observation of the time of displacement of these
2

images yields the required shock and free-surface parameters.

"E. "Knife edge": The knife-edge or moving-image technique yields higher

spatial resolution than the optical-lever technique. Here a thin

wire or knife edge is suspended over the polished surface of the

specimen. The separation of the knife edge and its image may be

photographed as a function of time to yield the surface velocity.
This technique was first reported by Davis and Craig. 1 1

F. Resistance wire: This technique, first described in a Sandia
12

Laboratories report, has been used to measure free-surface velocity.

Here a change of resistance is measured as the moving surface shorts

out a resistance wire positioned at an angle to the surface. The

v-locity of the free surface is then obtained trom the resistance-time

record. Shock velocity may be obtained if the wire is parallel to

the surface and the shock direction is other than normal.

-7-



G. Capacitor: The capacitor technique measures the change of

capacitance of a parallel plate capacitor, one plate of which is the

surface whose velocity is to be measured. 1 3

14
H. Polarization: The polarization technique uses the shape of an

electrical pulse produced by the shock to measure shock velocity in

cases where the shock wave changes the dielectric polarization of

the sample.

I. Transducer: While the above techniques measure shock or surface

motion, several transducer techniques that give pressure directly

have been developed or are under development. In these cases, a

measured voltage change is related to pressure by calibration against

one of the primary techniques mentioned above. Some examples are:

* Conductivity gauge: The sulfur gauge was first developed by
15

Eichelberger and Hauver. It is based on the change of

conductivity of a sulfur wafer with pressure. Another useful

material for pressure measurement is manganin wire,.used previously

in static work because of its linear pressure versus resistivity

curve. Some work has been done to extend this curve to higher
16

pressures.

* Piezoelectric gauge: The quartz gauge17 and the lithium niobate
gauge, which are based on the piezoelectric coefficient, yield
useful pressure measurements up to about 50 kbar and 15 kbar,

respectively. A calibration curve may be obtained from R. A.

Graham, Sandia Laboratories, Albuquerque. Tourmaline has been used

and a calibration up to 21 kbar 1 9 has been reported.

J. Radiographic methods: These may measure either one of two sets of

parameters.

* The shock velocity and density change across the shock front.

This method has been described by Schall.
2 0

e The shock velocity and the velocity of an embedded foil of higher

Sspecific absorption index. This method is valuable in that it

yields P, V, and E points independently of a model or a standard

material. Its limitations lie in the relatively poor shock front

resolution.

K. Magnetic induction: This may be used in interface and free-surface

velocity measurements.

,-8



e A current loop made of foil or flattened wire may be embedded in

a nonconducting sample or placed at an interface. 2 1 ' 2 2  The voltage

induced in the wire when the wire is moved through an externally

applied uniform magnetic field is a measure of material velocity.

* Similarly, a voltage may be induced in a current loop placed
23

concentric to a magnetic pole and close to a moving surface.

This method is relatively inexpensive and may be used to measure

the motion of any metallic-nonmetallic interface.

Data Reduction:

The parameters obtained from most experimental techniques used to date

are shock velocity (U ) and surface velocity (Vf). The surface velocity may

be either the velocity of a projectile generating pressure in the sample

(Fig. 2) or the velocity of the sample surface after the shock has traveled

through the sample. The pressure change P - P0 M 0 U U is a function of

shock velocity and the change of mass velocity across the front. Techniques

for calculating this latter velocity are discussed below.

A. If the projectile and the sample (Fig. 2(a)) are made of the same

material, the shock velocity in the sample and in the projectile

(relative to the unshocked medium in front of the wave) is the same.

Therefore, the dynamic impedance pous - P/U p, tanG1 - tan0 , where

from symmetry (Fig. 2(b)) U is equal to one-half the projectile

j velocity before impact and equal to the change of mass velocity

across the wave. If the projectile and the sample are not the same,

the projectile Hugoniot (H2) is used as a known standard (Fig. 2(c)).

Projectile Sample H2

us01. 2 01 H

Up Up Ufs 2 Up Up Ufs

(a) (b) (c)

Fig. 2. Velocity diagrams.

-9-



The solution is then given by the intersection of R and H2 . The

equations to be solved are therefore:

C In Fig. 2(b):

- P0)sample (00 Us)

and

- Po)projectile 0 P Us) (Ufs - U p). (Ib)

Or i g. 2(c):

P) - (p Us) U, (ic)
O sample 0 a p

and the equation of the projectile Hugoniot

(P - Po)prolectile - f(Ufs - Up). (2)
I

B Where the velocity of a projectile is not measured, the sample is

positioned on a plate (the standard) with a known Hugoniot locus (H)

and unloading isentropes (a). As is shown in Fig. 3, the solution

is given by the dynamic impendance condition of the sample

H

- 2

~ (a)

_Up1 
Up2 U ft

iJ

gFig. 3. Projectile velocity.

S-10-



(tan0 1 " PO Us), and the particular unloading path (a) that crosses

the Rugoniot point of the plate at the experimental pressure (P1 ).

The latter is selected on the basis of a measurement of U or

PU - tanO1 of the plate. The solution of PI and Up is,

therefore, obtained from:

P - P0 . AP (sample) - (tan02 ) Up2  (ld)

and the equation of the unloading adiabat

P a P (plate) - fa (U1, Ufs - Up2 )

f' - Up2 ). (3)a (fs' Ufas p

B2 . A modification of technique B1 places the material with known

equation of state on the sample. The measured quantities are usually

the shock and (or) free-surface velocity of the known standard and

the shock velocity of the unknown. Consider P2 as the known pressure

and P1 as the pressure to be determined (Fig. 3). Since the cross

curve (a) is not known in this case, the acoustic approximation angle

P 2 R2 R1 = 01 " P1 Usa (4)
1

may be made to yield a first-order solution

P p/P 2 - ('l + 02)/202._ (5)

After several points are thus obtained, the solution may be improved

by iteration. When the shock front is not parallel to the 24
sample-standard interface, appropriate components must be used.

C. Where the pressure is measured directly with a transducer, the other

parameter usually measured is the shock velocity through the sample.

The conservation of mass and momentum conditions mentioned before

may be rearranged to give
U P- P

Once P and V are known, conservation of energy then yields the energy
change

E -E 1/2 (P0 + P) (V -V) (7)
0 110



D. If only U and Uf are available from a set of experiments, a
S fs

Hugoniot may be obtained with:

9 * The assumption that Up - 1/2 U fs. This is a good approximation at

sufficiently low shock compression.

* Otherwise, a model of the thermal expansion or thermal pressure

coefficient is used to calculate adiabats from an assumed Hugoniot.

A first-order estimate may be the first assumption above.

The Rieman integral

V - j J 3p 14~ dVUr " V

0

along an isentrope is then assumed to yield the increase in mass
velocity when shocked material, initially at some pressure P and

1
particle velocity Up (Fig. 3), unloads to P and Ufs = U + Ur
These techniques have been discussed in detail by Walsh2 and by

Al' tshuler.
2 6

This model assumes equilibrium within the state considered. Some

uncertainty exists at the time of this writing on how to treat small

but measurable effects due to slow relaxation processes behind or in

a shock wave. These may be important near-phase transitions or in

the pressure range of elastic yield.

E. Where a radiographic method has given Us and V/V, U is obtained

directly from Eq. (6) and P from the pressure equation given on

page 1.

F. The before-mentioned conservation conditions may be applied without

rearranging where U and U are given directly.s p

G. If a transducer with a known Hugoniot equation (Us F(P), U M F(P))5p

like quartz is impacted onto the sample or is impacted by the

unknown, all required quantities can be calculated from a measure of

P and impact velocity, since P(tr) - P(sa),.and U (sa) - U - U (tr),p p

where tr is the transducer, sa is the sample and U is the impact

velocity.

-12-



Table 1. Order of the elements.

Actinium Ac 91 Indium In 31
Aluminum Al 29 Iodine I 12

Americium Am 85 Iridium Ir 46

Antimony (Stibium) Sb 21 Iron Fe 41
Argon Ar 5 Krypton Kr 6

Arsenic As 20 Lanthanum La 76

Astatine At 13 Lead Pb 27

Barium Ba 96 Lithium Li 98
Berkelium Bk 83 Lutetium Lu 62
Beryllium Be 92 Lawrencium Lw 77

Bismuth Bi 22 Magnesium Mg 93
Boron B 28 Manganese Mn 48

Bromine Br 11 Mendelevium Mv 79
Cadmium Cd 34 Mercury (Hydrargyrum) Hg 35 A
Calcium Ca 94 Molybdenum Mo 52

Californium Cf 82 Neodymium Nd 73
Carbon C 23 Neon Ne 4
Cerium Ce 75 Neptunium Np 87
Cesium Cs 102 Nickel Ni 39
Chlorine Cl 10 Niobium (Columbium) Nb 55

Chromium Cr 51 Nitrogen N 18

Cobalt Co 40 Nobelium No 78
Copper Cu 36 Osmium Os 47
Curium Cm 84 Oxygen 0 1

Dysprosium Dy 67 Palladium Pd 42

Einsteinium D RI Phosphorus P 19

Erbium Er 65 Platinum Pt 45
Europium Eu 70 Plutonium Pu 86

Fermium Fm 80 Polonium Po 17
Fluorine F 9 Potassium (Kalium) K 74

Francium Fr 103 Promethium Pm 72
Gadolinium Gd 69 Protactinium Pa 89

Gallium Ga 30 Praseodymium Pr 74
Germanium Ge 25 Radium Ra 97
Cold Au 38 Radon Rn 8

Hafnium Hf 59 Rhenium Re 50

Helium He 3 Rhodium Rh 43
Hydrogen H 2 Rubidium Rb 101
Holmium Ho 66 Ruthenium - Ru 44
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PAGE 2
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OXYEN. LIOUID

02 WTI PERCENT

TO 7 76.9 +OR- 0.2 DEG. KELVIN
VO . 0.8319 +OR- 0.0006 CC/0 Co * 1.01 KM/SEC

IN TABLE I BELOW. DENSITY IS GIVEN IN 0/CC AND VELOCITIES :N KM/SEC.

MAT. DESIGNATES THE ANVIL MATERIAL FROM WHICH THE FIRST %HOCK IS

REFLECTED. NO 15 THE EXPERIMENT IDENTIFICATION NUMBER AND P(STI DENOTES

1HE STANDARD BASE PLATE PRESSURE. IN TABLE I AND II. Ij AND t2)

REPRESENT THE SINGLE AND REFLECTED-SHOCK STATES. IN TABLE I1, PRESSUJRE

IS GIVEN IN KILOBkRS.

TABLE I

NO RHOO US1 UPI Us2 UP2 MAT P(ST)

IA 1.202 4.60 2.05 3.42 1.51 MG 272

IB - - - 4.13 1.17 AL -

2A - 4.60 2.07 3.73 1.17 AL 276
28 - - - 4.86 0. 71 cu "

2C - - - 5.23 0.49 AU -
3A - 4.61 2.1I1 2.25 1 .60 MG 283

38 - - 3.31 1.58 AL -

3C - - 4.15 0.69 C2 U

4A - 5.64 2,52 3.31 2.00 9 G 386

"48 - - - 4.16 1.59 AL -

4C - - - 4.25 0.92 CU -

6A - 5.48 2.65 4.31 2.08 MG 391

56 - - - 5.08 3 1.65 AL -

6C - - - 4.95 0.66 AU -

GA - 5.47 2.69 4.3B 0.95 CU 400

" - - 4.69 0.656 AU -

8A - 5.72 2.90 4.91 1.82 AL 444

88 - " 4.81 1.08 CU -

aC - . 4.77 0.74 AU !

9A - 5.p9 2.95 3.34 2.29 MG 458

91 - " - 4.66 1.09 CU -

9C - - - 4.91 0.75 AU -

IOA - 5.87 2.95 2.43 2.25 MG 461

to0 - - - 4.29 1.83 AL -

loc - - - 3.93 1.05 CU -

IIA - 6.70 3.61 9.24 3.05 MG. 616
lie - - - 4.88 1.41 CU -

alp 
lic - - - 5.16 0.99 AU -

12A 6.75 3.66 4.34 2.96 mG 630
128 - 4.9e 2.40 AL

12C - - 4.41 1.41 CU -

13A - 6.89 3.66 4.56 2.37 AL 633

3 13B - - 4.69 ;.42 CU -

13C - " - 4.44 0.97 AU -

Orphi 14/77



PACE 3

OXYGEN, LIOUIO

NO RHOO USI UPI US2 UP2 MAT PSTI)

'14 - 6.92 3.67 3,29 2.30 AL 636S15A - 7.50 4.13 6.23 3.47 MG 762

359 - - 3.58 2.70 AL -

I5C - - - 4.68 1.65 CU -

IGA - 7.54 4.17 13.20 3.68 HG 772

168 - - - 4.45 1.65 Cu -

16C - - - 5.35 i.19 AU -

17A - 7.49 4.22 3.91 2.76 AL " 784

178 - - - 4.14 3.66 Cu -

17C - - - 4,11 1.15 AU -

ISA - 8.06 4.66 5.50 3.20 AL 915

I8O - - 5.07 1.94 CU -

1Oc - - 5.20 1.36 AU -

ISA - 8.09 4.67 2.21 3.78 MG 919

398 - - - 5.37 1.97 CU -

19C - - - 5.68 1.39 AU -

20A - 8.08 4.72 3.72 3.90 MG 931

o20 - - - 4.77 3.20 AL -

a0c - - - 5.49 2.00 cu -

USI 1.171 * .788-UPI - 0.6709*UP1"*2 Kt'€SEC

SIGMA USI a 0,07"5 K13/SEC.

TABLE I1

NO PI P2 VI/VO V2/Vo

- IA 113. 177. 0.554 0.500

SIs - 231 0.554 0.475

2A 315. 229. 0.550 0.464
e 8 - 321. 0.550 0.442
2C - 367. 0.550 0.431

3A 117. 376. 0.542 0.466
38 - 230. 0.542 0.448

3C - 314. 0.542 0.419 S4A 17?. 257. 0.520 0.465
S49 - 335. 0.520 0.440

4C - 442. 0.5?0 0.391
5A 17?. 27C. 0.510 0.470

s5 - 339. 0.510 0.428

5c - 463. 0.510 0.391

SA 174. 26•. 0.516 0.473
o 68 - 354. 0.516 0.450

t6(c - 526. 0.516 0.381

7A 177, 464. 0.509 0.381

79 - 531. 0.508 0.368

SA 199. 402. 0.493 0.423
as - 541. 0.,93 0.377

eC - 603. 0.493 0.354

2A 209. 307. 0.499 0.446

9 - 550 0.•9g 0.377

U06/14/77



PAGE 4
9C - 620. 0.499 0.358
IQA 209. 300. 0.497 0.433
109 405. 0.497 0.421

OC - 528. 0.497 0.360
IIA 290. 463. 0.461 0.419
li9 - 777. 0.461 0.342
IIC - 889. 0.461 0.323
12A 297. 440. 0.458 0.418
128 - 583. 0.458 0.391
12C - 774. 0.458 0.330
13A 303. 575. 0.469 0.395
133 783. 0.469 0.343
13C - 862. 0.469 0.313
14 305. 549. 0.470 0.377
15A 37Z. 555. 0.449 0.421
158 - 687. 0.449 0.366
15C - 957. 0.449 0.323
16A 377. 606. 0.447 0.434
168 - 961. 0.447 0.316
16C - 1140. 0.447 0.307
i7A 380. 707. 0.436 0.358
179 - 969. 0.436 0.303
17C - 1084. 0.436 0.277

SIGA 451. 874. 0.422 0.361
188 - 1205. 0.422 0.304
18C - 1378. 0.422 0.281
19A 454. 628. 0.423 0.368
198 - 1225. 0.423 0.309
19C - 1419. 0.423 0.289

20A 458. 558. 0.416 0.375
208 - 875. 3.416 U.349
20C - 1261. 0.4!6 0.305

COMMENTS:

1) SOURCE: WACKERLE, J, SEITZ. W. L. AND JAMIESON. C. C.
SYMPOSIUM HIGH DYNAMIC PRESSURE. I.U.T.AM., SEPT. 11-15.1967
PARIS. FRANCE.

2) EXPERIMENTAL TECHNIQUE B. EACH SHOT CONFIGURATION HAD FOUR FLASH-GAP
ASSEMBLIES INCORPORATED INTO A COMMON BASE
PLATE. ONE ASSEMBLY WAS USED TO MEASURE THE
SHOCK STRENGTH IN THE eASE PLATE; THE
OTHERS MEASURED INDEPENDENTLY THE SINGLE-
AND DOUBLE-SHOCK STATES IN OXYGEN.

DATA REDUCTION TECHNIQUE B. STANDARD MATERIALS USED WERE:
ALUMINUMJ 2024 ALLOY WAS USED AS THE BASE PLATE
MATERIAL. THE COVER PLATES WERE AZ318 MAGNESIUM
(MG) ALLOY. Z024 ALUMIUM (AL) ALLOY, tOPPER ICU)
AND GOLD (AU).

3) CO WAS OBTAINED FROM VAN ITTERBEEK. A. AND VAN DAEL. W.. ADV.

CRYOGENIC ENG.. VOL. 9. PAGE 207 (1963).
4. LIOUiD NITROGEN COOLANT WAS USED IN THIS SERIE3 OF EXPEPIMENTS.
5) THE AVERAGE OF THE ESTIMATED ERRORS IN USI AND UPI ARE I.9 AND 1.3

PERCENT RESPECTIVELY. WHILE THE AVERAGE ERROR IN UP2 IS ABOUT 2.0
PEPCENT.

tJ06 /1 t7
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PAGE 5

ARGON

AR GREATER THAN 99.9 PERCENT
N2 LESS THAN .1 PERCENT

(
TO - 86 OE-R. K. PO - 1.9 BARS
VO - 0.7117 CC/G CO - 0.948 KM/SEC

IN THE TABLE, DENSITY IS GIVEN IN G/CC. VELO'ITIES IN MM/MICROSEC. ANO
PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/VO

1.408 5.44 2.52 194. .536
1.400 3.40 1.23 58.2 .638
1.403 5.41 2.57 195. .525
1.405 5.26 2.54 388. .517
1.408 5.18 2.58 188- .503

" 1.406 7.15 3.65 363. .490
1.409 6.36 3.20 286. .497
1.401 6.76 3.40 322. .497
1.405 2.70 0.88 33.0 .673
1.401 4.98 2.32 162. .535
3.407 1.52 0.301 6.4 .BC2
1.404 2.19 0.674 20.7 .692
"1.406 6.44 3.30 289. .513
1.407 5.40 2.58 196. .480
1.405 3.34 1.34 63.0 .519

, ( 1.405 3.45 1.35 65.6 .608
1.403 3.38 1.33 63.1 .607
1.403 3. 34 1.32 62.1 .603
1.402 3.34 1.33 62.1 .602

US a 0.84 + 2.07 UP MM/MICROSEC FROM UP * 0.1 TO 1.0

US a 1.19 * 1.627 UP MM/MICROSEC FROM UP - 1.0 TO 4.0

COMMENTS:

1) SOURCE: VAN THIEL, M. AND ALDER. B.
J. CHEM. PHYS.. VOL. 44. P. 1056 (1966)
LAWRENCE RADIATION LABORATORY, LIVERMORE, CALIFORNIA

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE 8
(STANDARD MATERIALS: 2024 AL AND AZ-316 MG)

3) THE DATA STRONGLY SUGGEST THE EXISTENCE OF A TRANSIM!ON CLOSE TO HE,
~L IOU IC'JS. !

4) THE INITIAL SLOPE (US-COl/UP •OR SMALL VALUES OF UP WAS OBTAINED FROM
SONIC MEASUREMENTS BY DOWS AND FINEGOLD, J. ACCOUSTICAL SOC. Or
AMERICA. NO. 3Z. P 1215 1(960). AND IS 4.0

5) US IS DETERMINED TO A PRECISION OF 2 PERCENT ASSUMING LINEARITY Or

U06/14'77
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PAGE 7

5 ---2
ARGON

AR GREATER THAN 99.9 PERCENT
N2 LESS THAN 0.1 PERCENT

TO - 148.2 DEOR. K. P0 7 70.0 BARS
VO - 1.088 CC/G CO * 0.35 KM/SEC

IN THE TABLE DENSITY IS LISTED IN G/CC. VELOCITY IN FtI/MICROSEC AND
PRESSURE IN KILOBARS.

TABLE

RHO0 US UP P V/VO

.919 3.700 1.923 65.4 .480

.919 5.424 3.198 159. .412

.919 6.497 4.04 241. .378

.919 3.183 1.592 46.5 .500S.919 4.934 2.876 130.3 .417
.919 6.54 4.005 240.7 .388

US • 1.036 * 1.368 UP MM/MICROSEC FROM UP - 1.6 TO 4.2 MM/MICROSEC

COMMENTS:

1) SOURCE: VAN THIEL. M. AND ALDER, B.
.J. CHEM. PHYS., VOL. 44. P. 1058 (19668

)EE ELALRENCE RADIATION LABORATORY. LIVERMORE, CALIFORNIA
J \2) EXPERIMENTAL TECHNIQUE A

DATA REDUCTION TECHNIQUE B
(STANDARD MATERIAL AZ-31B MG)

3) THE INITIAL SLOPE (CO-USI/UP FOR SMALL UP WAS CALCULATED FROM P.V.T.
DATA PUBLISHED BY MICHELS ET AL., PHYSICA NO. 24. P 659 FF (1958).
THIS YIELDS A SLOPE OF 2.21 AT THE INITIAL WAVE VELOCITY USO-COm.35
M./MI CROSEC.
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5---3
AROON

AR

TO a 288-301 DOE. K. CO * 0.330 KM/SEC.
VO , 750.6-801.9 CC/G.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURES IN

KILOBARS, DENSITY IN G/CC. AND TEMPERATURE IN DEG. KELVIN.

TABLE

RHOO TO P0 US UP P V/V0

0.001307 N4 0.0008002 3.877 3.030 0.1543 O.e18
0.001249 301 0.0007830 4.076 3.291 0.1683 0.192
0.001328 297 0.0008211 5.290 4.461 0.3142 0.157
0.001248 301 0.0007822 5.365 4.461 0.2995 0.168
0.001307 234 0.0008000 6.230 5.400 0.4405 0.133
0.001298 296 0.0008000 6.550 5.776 0.4922 0.119
0.001332 288 0.0007988 8.260 7.380 0.8128 0.107
0.001247 301 0.0007815 8.700 7.810 0.8481 0.102

US-

COMMENTS:

I) SOURCE: CIHRISTIAN, R. H. AND YARGER. F. L.
JOURNAL OF CHEMICAL PHYS.. VOL. 23. P. 2042 (1955)

S2) EXPERIMENTAL TECHNIQUE 9
DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL 24ST ALUMIINUM

3) TIE EXPERIMENTAL ERROR IN THE US MEASUREMENTS IS 0.5 PERCENT.
4) IN THE ABOVE TABLE. RHO0 WAS RECOMPUTED FROM THE MEASURED VALVES OF

TO AND PO USING THE PERFECT GAS LAW. MEASURED P AND V/VO WERE ALSO
RECALCULATED USING THE CON-SERVAT ION CONDITIONS.
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ARGON

AR

(
TO - 298.3-307.2 DEG. KELVIN
VO - 0.879-1.030 CC/G.

IN THE TABLE BELOW. DENSITIES ARE GIVEN IN G/CC. TEMPERATURE IN
DEG. KELVIN, VELOCITIES IN KM/SEC., AND PRESSURES IN KILOBARS.

TABLE

RHO0 TO PO US UP P V/V0

0.971 302.2 1.034 2.87 1.42 40 0.546
0.994 299.0 1.074 3.85 1.86 71 0.518
0.972 303.0 1.040 4.72 2.53 117 0.465
0.988 302.7 1.081 4.84 2.66 127 0.460
0.996 307.7 1.110 6.873 4.10 276 0.411
1.138 305.4 1.662 4.968 2.52 144 0.493(1.135 298.3 1.586 6.779 3.97 307 0.414

US , 0.32 + 1.25*(RHOO-I.1 + 2.03*UP - 0.1I1UP-'2. KM/SEC
SIG.US - 0.12 KM/SEC

COMMENTS:

1) SOURCE: WACKERLE. J.
(PRIVATE COMMIUICATION) LOS ALAMOS SCIENTIFIC LAB..

S / P.O. BOX 1663. LOS ALAMOS. NEW MEXICO.
2) EXPERIMENTAL TECHNIOUC A AND B.

DATA REDUCTION TECHNIOUE B
STANDARD MATERIAL 24ST ALUMINUM

3) THE MEASURED VALUES FOR THE BULK SOUND VELOCITIES IC0| ARE GIVEN IN
THE TABLE BELCO. I

S~TABLE

RHOO CO

0.971 0.75

So0.994 0.77
0.972 0.775
0.988 0.772
0.986 0.775
1.138 0.91

1.135 0.91

4) THE AVERAGE EXPERIMENTAL ERROR IN THE US MEARSUREMENTS DUE TO PROBE
SCATTERING IS 1.5 PERCENT. THE LARGEST ERROR IS 4 PERCENT.
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ARGON

AR

to - 86 DEG K

vo a 0.714 G/CC

THE TABLE LISTS DENSITY IN G/CC, VELOCITIES IN KM/SEC AND PRESSURES IN

KBAR. I AND 2 R"Z-rER TO SHOCKS INCIDENT ON AND REFLECTED FROM A HIGHER

IMPEDANCE ANVIL. MAT a ANVIL MATERIAL.

TABLE

RHOO USI UPI PI VI/VO US2 UP2 P2 V2/VO MAT

1.40 6.052 3.075 261. 0.492 -3.94 2.034 469. 0.419 AL

- - - -4.26 1.226 647. 0.368 CU

- - - -4.67 0.843 753. 0.350 AU

- 6.069 3.093 263. 0.490 -2.95 1.986 4r54. 0.400 AL

-.- 3.89 1.213 638. 0.358 CU

(- 4.64 0.873 753. 0.350 AU

US-

COMMENTS

Ii SOURCE: WACKERLE. J.
PRIVATE COMMUNICATION. GMX-7, LOS ALAMOS SCIENTIFIC LAB.

BOX 1663. LOS ALAMOS. NEW MEXICO. 87544

2) EXPERIMANTAL TECHNIQUE: B

DATA REDUCTION TECHNIQUE: B- STANDARDS: 2024 AL FOR THE BASE PLATE

AND 2024 AL, CU AND AU FOR THE ANVILS

USED TO REFLECT THE SHOCK.

3) DETAILS OF THE TECHNIQUE ARE DESCRIBED BY: WALSH J. M. AND RICE M. H.

.J. CHEM. PHYS.. VOL. f6, P. 15., (19571

4) PRECISION: DEFINE FSIG.A " (SIG.Al/A
B BASE PLATE-AL ANVIL - AL cU AU

FSIG.USI=0.02 FSIG.UP2, 0.023 0.015 0.015

;. FSIG.UPI=0.013 FSIG.P2 - 0.027 0.02 0.018

SFSIG.PI -0.082 FSIG.(V2-VO)=O.0
5 3 0.04 0.04

FSIG. (VI-VO -0.03

U06/14/77
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"7---,

XENON

XE 99.9 PERCENT

(
TO w 165.2 DEG. K. PO a 2.24 ATM
VO - 0.3231 CC/0

IN THE TABLE BELOW DENSITY IS GIVEN IN G/CC.. VELOCITIES IN KM/SEC AND
PRESSURE IN KBARS

TABLE

S....... SAMPLE ----------- STANDARD

RHOO US UP P V/VO US UFS

3.095 2.803 1.185 103 0.578 1.787
3.095 3.334 1.482 153 0.556 6.968 2.329

3.095 3.856 1.87 224. 0.510 7.45 3.06
3.095 4.206 2.10 268 0.501 7.655h 3.423

S3.095 5.177 3.055 487 0.410 5.38
3.095 5.335 3.14 511 0.411 8.912 5.527

US =

COMMENTS-

! ~I) SOURCE: KEELER. R. N.j
1) SPRIVATE 

COMMUNICATION.

LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.: 2) EXPERIMENTAL TECHNIGUE.. A.

DATA REDUCTION METHOD : B. STANDARD MATERIAL AL 2024.
3) THE SHOCK VELOCITY OF THE STANDARD IN THE FIRST AND FIFTH TABLE ENTRY

WAS RELATIVELY INACCURATE AND THEREFORE DISREGARDED IN THE DETERMIINA-
TION OF THE ALUMINUM PRESSURE. THE SHOCK AND FREE SURFACE VELOCITY OF
THE STANDARD WERE CORPECTED IN THE THIRD TABLE ENTRY (BY -, AND +1
PERCENT RESPECTIVELY) TO YIELD AGREEMENT WITH THE KNOWN AVERAGE AL.

HUGON IOT.
4) A PRELIMINARY DISCUSSION OF THE SIGNIFICANCE OF THIS DATA HAS BEEN

GIVEN: R. N. KEELER, M. VAN THIEL AND B. J. ALDER

PHYSICA, VOL. 31. P. 1437 (1965).

U("
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12--- I
IOO1NE

I!

VO a 0.2041 CC/G
VOI a 0.2019 CC,'G

IN THE TABL.E BELO4, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC.

AND PRESSURE IN KILOBARS.

TABLE

----------- --.. .. SAMPLE --------------- BASE PLATE

RHOO US UFS UP P V/VO PRESSURE

4.902 3.79 3.30 1.51 290 0.601 2-95

4.905 3.74 3.27 1.51 278 0.595 295

4.923 3.40 2.9 1.23 206 0.638 224

4.928 3.34 2.71 1.24 204 0.62W9 224

'i.901 3.04 2.21 1 .00 150 0.671 169

4.903 3.02 2.22 1.01 149 0.666 169

4.924 2.99 1.00 147 0.665 168

4.916 2.46 1.48 0.69 82 0.724 101

4.926 2.47 1.48 0.67 82 0.726 101

4.915 3.03 2.26 1.05 156 0.656 177

4.919 3.01 2.22 1.05 155 0.651 177

4.905 3.43 2.75 1.26 212 0.633 230

4.884 5.39 6.11 2.45 644 0.545 616

4.878 4.67 4.79 2.10 478 0.551 479

4.861 4.51 4.28 1.93 423 0.572 423

4.869 2.74 I.9e 0.90 12D 0.67' 138

4.939 4.03 3.90 1.78 354 0.558 369

4.888 5.22 5.74 2.42 617 0.536 596

4.984 4.04 3.70 1.67 330 C..587 343

4.905 3.91 3.59 1.55 298 0.603 311

4.909 3.68 3.10 1.51 273 0.590 292

"4.901 3.70 3.17 1.51 273 0,592 292

4.915 5.53 6.21 2.66 723 0.519 688

4. 95 5.55 6.28 2.65 720 0.523 688

4.888 5.92 7.10 3.17 917 0.465 884

4.918 5.92 7.09 3.18 926 0.463 888

4.896 6.15 7.50 3,45 1039 0.439 1000

4.878 6.19 7.49 3.43 1036 0.446 993

4.899 4.71 4.96 2.13 491 0.548 488

4.896 4.69 4.72 2.13 489 0.546 488

4.873 5.15 2.46 617 0.W2 605

S4.844 5.19 2.48 18 0.526 605

4.875 2.94 2.25 1.03 147 0.651 171

4.891 2.90 2.23 1.04 147 0.64Z 171

4.902 5.16 2.39 604 0.537 584'

4.910 5,al 2.37 606 0.545 587

4.M90 2.2'4 1.02 0.49 54 0.780 69

4.879 2.23 1.00 0.50 54 0.777 69

4.916 3.44 1.38 233 0.599 am8

U06/140'77
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I00DIN

RHO0 US UIrS UP P V/VO PRESSURE

4.917 3.47 1.37 234 0.605 256
4.921 3.48 1.37 235 0,606 256
4.871 3.67 1.48 265 0.597 284
4.983 3.60 1.49 262 0.586 284
4.903 3.84 1.58 2£9 0.589 314
4.916 3.80 1.59 297 0.582 314
4.924 3.82 1.59 298 0.584 314

US * 1.38 * 1.56 UP I<1/SEC FOR UP BETWEEN 0.5 AND 2.5 KM/SEC
SIGHA US a 0.073 KH'$EC

US a 3.43 + 0.79 UP KM/SEC FOR UP BETWEEN 2.5 AND 3.5 KM/SEC
SIGMA US - 0.031 KMfSEC

COM4MENTS:

( 1) SOURCE: COMPILER
L. R. L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.

2) EXPERIMENTAL TECHNIQUE B. (ALUMINUM STANDARD BASE PLATE).
DATA REDUCTION TECKNIQUE B.

31 A PHASE TRANSITION IS OBSERVED AT APPROXIMATELY 644 KBAR AND A
RELATIVE VOLUME OF 0.545

31 AN EARLIER ANALYSIS AND DISCUSSION OF THIS DATA WAS REPORTED BY
8. J. ALDER AND R. H. CHRISTIAN, PHYS. REV. LETTERS VOL. 4, P. 450
(1960).

4) THE VALUE OF VOI WAS OBTAINED FROM A.C.A. MONOGRAPH NO.5.
1963) 2ND EDITION.

CRYSTAL DATA DETERMINATIVE TABLES (AMERICAN CRYSTALLOGRAP1I4C ASSOC.)

-U061 14/77I
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is---I
NITROGEN LIQUID

(#
N2 •

TO a 77.4 DEGREES K.
VO a 1.24 CCIG. CO- O.49 KMISEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC.,
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US LI P V/Vo LP STANDARD

0.808 3.14 1.17 29.6 0.625 0-69
- 3.74' 1.57 47.4 0.580 0.845
- 5.00 2.50 101 0.498 1.55
- 7.45 4.27 257 0.424 2.80
- 9.05 5.52 404. 0.390 3.68

US = 1.588 * 1.360 UP SIGMA - 0.08 PERCENT(

COMMENTS:

1) SOURCE: ZUBAREV, V.N. AND TELEGIN. G0S.
SOVIET PHYS.-DOKLADY, VOL. 7, P. 34 (1962)

2) EXPERIMENTAL TECHNIIIUE A
DATA REDUCTION TECHNIOUE B
STANDARD MATERIALS ARE ALUMINUM AND COPPER

31 EACH POINT IS AN AVERAGE OF 4 TO 12 MEASUREMENTS. THE SQUARE( DEVIATION FROM THE MEAN IS I TO 2 PERCENT.
4) CO IS OBTAINED FROM. DOBBS E. R. AND FINEGOLD L.

THE -JOURNAL OF THE ACOUSTICAL SOCIETY Of AJIERICA. VOL. 32. NO. 10,
P. 1215, OCTOBER, 1960.

b6

o 1:
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NITROGEN. LIQUID

N2 . N-N

TO 77 DEO K Co = 0."57 KM/1•C.
Vo * 1.238 CC/G

IN THE TABLE BELCO VELOCITIES ARE GIVEN IN KM/SEC.. PRESSLFIE IN

KILOBARS, DENSITY IN G/CC. AND TEMPERATURE IN DEGREES KELVIN.

TABLE

TO RHO0 Us UP P V/VO

77 0.808 3.79 1.72 52.6 0.546
- - 3.81 1.44 44.4 0.62a

- - 2.97 1.10 26.4 0.630

- - 4.11 1.74 71.5 0.577

- - 4.92 2.32 92.4 0.528

- - 2.20 0.64 11.4 0.710

( - - 5.68 2.74 126.0 0.518

- - 5.66 2.70 123.0 0.523

- - 6.47 3.26 170.0 0.496

US = 1.219 + 1.6220UP KM/SEC.

SIGMA US v 0.13 KM/SEC.

COMMENTS:

S( I SOURCE: DICK R. D. AND SCHOENHERR 0.
PRIVATE COMIMIUNICATION
GMX-7 LOS ALAHOS SCIENTIFIC LABORATORY, LOS ALAMOS. N. M.

2) EXPERIMENTAL TECHNIJIO A

10.0ATA REDUCTION TLCHNIUUE 
.

IN THESE EXPERIMENTS THE VELOCITY OF THE INTERFACE BETIEEN THE

SAMPLE AND THE FLAT BOTTOM OF THE METAL CONTAINER WAS MADE DI-

* RECTLY. A CORRECTION WAS MADE FOR THE EXPCCTED MOTION OF THE

PROBE. THE METHOD APPEAREO TO YIELD RESULTS COIPARABLE TO THE

* MORE USUAL DATA RFOUCTION METHOD B WITH AN UNCERTAINTY OF +OR-

3 PERCENT. MAX ERROR a 6 PERCENT.

3) THE INITIAL SOUND SPEED CO WAS OBTAINED FRO]z VAN ITTERBEEK A. AND

VAN DAEL W., PHYSICA. VOL. 28. PAGE 861 (196W)

tA

U06/147"
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18---3
N I TROGEN

N2 99. WT. PERCENT
02 1. - -

TO a 75 OEO. K. Co 0.88 KH/SEC.
Vo - 1.220 CC/G.

THE( TABLE LISTS DENSITY IN G/CC.. VELOCITIES IN KMVSEC. AND PRESSURE IN

KBAR. OUS AND DUP ARE THE UNCERTAINTIES IN US AND UP.

TABLE

S........ SAMPLE -------------------- STANDARD -

RHOO US DUS UP OUP P V/VO US(S1H DVU(ST)

0.820 2.58 0.02 0.75 0.10 16. 0.708 6.07 0.07
0.820 2.97 0.02 0.97 0.05 24. 0.67'4 6.24 0.04
0.820 3.53 0.01 1.39 0.04 40. 0.606 6.58 0.03
0.820 4.19 0.02 1.a5 0.03 63. 0.558 6.97 0.03

S0.820 5.09 0.02 2.44 0.02 102. 0.521 7.48 0.02
0.820 5.50 0.02 2.69 0.02 121. 0.512 7.71 0.02
0.820 5.92 0.03 2.90 0.12 141. 0.510 7.91 0.01
0.820 6.66 0.03 3.54 0.07 193. 0.469 8.48 0.05
0.820 6.98 0.08 3.64 0.09 208. 0.479 8.58 0.07
0.820 7.34 0.04 3.98 0.08 239. 0.458 8.89 0.06
0.820 7.52 0.05 4.26 0.07 263. 0.434 9.13 0.06
0.820 7.59 0.03 4.32 0.12 269. 0.431 9.19 0.10
0.820 7.43 0.03 4.38 0.08 267. 0.410 9.22 0.06
0.820 7.73 0.03 4.50 0.10 285. 0.418 9.35 0.08
0.820 8.37 0.06 4.55 0.09 305. 0.443 9.43 0.07
0.820 7.92 0.05 4.60 0.11 299. 0.420 9.44 0.09
0.820 8.36 0.06 4.69 0.08 321. 0.440 9.56 0.06
0.820 8.51 0.08 4.86 0.05 339. 0.429 9.71 0.04
0.820 8.48 0.03 5.04 0.11 350. 0.406 9.85 0.09
0.820 8.82 0.04 5.20 *0.10 376. 0 411 10.02 0.08
0.820 8.92 0.06 5.30 0.12 388. 0.406 10.11 0.10

US - A * SOUP. WITH A 3 1.49 KM/SEC. B - 1.49
SIG.A - 0.06 KM/SEC. SIG.6 - 0.02

FOR US BETWEEN 2.3 AND 7.4 KM/SEC..
A a-1.0 KM/SEC. 8 - 2.0

SIG.A - 2.0 KM/SEC. SIG.B - 0,4
FOR US BETWEEN 7.4 AND 8.4 KM;SEC. AND

A - 4.06 KM/SEC 8 - 0.92
SIG.A - 0.05 KM/SEC. ,SIG.B - 0.01

(OR US BETWEEN 8.4 AND 9.0 KM/SEC.

z (
cCOMMENTS:

1) SOURCE: DICK, R.D.
LOS ALAMOS SCIENTIFIC LAB. (THESISI
LOS ALAMOS SCIENTIFIC LAB.,

U06 314/77
-tI
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LOS ALAMOS. BOX 1663. NEW MEXICO 87544
2) EXPERIMENTAL TECHNIOUE: A

DATA REOUCTION METHO0: 8 STANDARD MATERIAL 2024 AL ALLOY WITH
US a 5.460 + I.3184UP RHO0 - 2.7"3G/CC
AND GRUNEISEN GAMMA w 2.22

3) THE SOUND VELOCITY IoAS TAKEN FROM: A. VAN ITTERBEEK AND W. VAN OAEL
-(t PHYSICA. VOL. 28. P. 61 (1%62)

(

t
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21 --- I
ANT IMONY

SO

(
VO 0.1493 CC/O. COw 2.37 KM/SEC.
VOl * 0.1485 CC/G.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KILOBARS AND DENSITY IN G/CC

TABLE

SAMPLE ----------- STANDARD

RHOO US UP P ViVO P MIRL

6.70 3.61 1.03 248 0.716 220 AL
- 3.59 1.03 248 0.713 220 -
- 3.63 1.02 249 0.720 220 -

- 4.30 1.39 400 0.678 339 -

- 4.33 1.38 401 0.6I 339 -

- 5.12 8.96 673 0.617 e69 BRASS
- 5.06 1.98 637 0.629 8ig -

- 5.64 2,19 828 0.611 1040
- 5.72 2.19 838 0.618 1042
- 5.71 2.20 843 0.614 1051
- 6.31 2.70 1142 0.572 1422
- 6.34 2.73 1158 0.569 1442
- 6.43 2.73 1178 0.576 1452

I US 1 1.989 * 1.634 UP SIGMA US - 0.2 PERCENT

COMtENTS:

I1 SOUlCE: MCOUEEN. R.G. AND MARSH, S.P.
J. APPL. PHYS.. VOL. 31, P. 1253 11960)

A LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. HEX.
21 EXPERIMENTAL TECHNIOUE B

DATA REDUCTION TECHNIOUE 9
STANOARO MATERIALS: BRASS SEE MTRL. NO. 36--33

.1 2024 ALUMiNUM ALLOY SEE MTRL. NO. 29
3) CO CALCULATED FROM THE BULK MODULUS IN

C. KITTEL: INTRODUCTION TO SOLID STATE PHYSICS.
t (JOHN WILEY AND SONS INC. N.Y.) 2ND ED. i956

4) VOl OBTAINED FROM: AM. INST. OF PHYS. HANDBOOK (MCGRAW HILL-BOOK CO.
N.Y.. 1963) 2ND ED.

S51 AN ESTIMATE OF THE GRUNEISEN GAMMA HAS BEEN MADE BY: D.O. SIRDESMUKH
AND KAMASWARA RAO. J. APPLIED PHYSICS. V. 44, P. 894. (1973)

1<: U06/I .'r7I
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22--- 0
BISMUTH, SUMMARY

0.I016-0.1021 CC/0 CL 2.19 KM/SEC CO * 1.7"1 KM/SEC

VOl 0.10197 CC/G CS * 1.10 KM/SEC Ca " 1.986 KM/SEC

THE TABLE LISTS POINTS CALCULATED FROM THE US VS. UP FITS GIVEN BELOW.

DENSITY IS IN G/CC, VELOCITIES IN KM/SEC. PRESSURE IN KBAR AND E-ED IS

INTERNAL ENERGY CHANGE IN KBAR CC/G. TP m TI-:ANSITION POINT.

I ABLE I

FIT RHOO US UP P viVO E-tO COMMENTS

9.807 2.30 0.009 2.0 0.996%2 0.00040 151 WAVE

- 1.79 0.009 .0 0.9962 0.00040 2NO

- 1.86 .040 7.6 0.9795 0.00520 -

1 - 1.95 .080 15.5 0.9597 0.0256 -

I - 2.05 0,26 25.5 0.9391 0.068 - - P

2 - 1.755 0.30 55.0 0.8388 0.220 3RD -

2 " 2.183 0.50 107, 0.771 1.205 2ND -

2 - 2.719 0.75 200. 0.72T 2.81 151 -

2 - 3.253 1.00 319. 0.693 5.00 - -

3 - 3.66 1.2 431. 0.672 7.20 - -

3 - 4.73 2.0 988. 0.5"7 20.0 - -

3 - 6.07 3.0 1787 0.5G6 45.0 - -

/ 3 - 7.41 4.0 2908 0.460 80.0 - -

t 3 - 9.08 4.5 3567 0.443 101.2- -

US 1.771 + 2.21UP +OR- 0.02 KM/SEC FIT I

FOR UP BETWEEN .009 AND .126 KM/SEC.
US = 1.113 + 2.14*UP, SIG.US - .03 KM/SEC FIT 2

FOR UP BETWEEN .3 AND 1.1 KM/SEC,

US - 2.05 + 1.341*UP. SIG.US - 0.07 KM/SEC FIT 3

FOR UP BETWEEN 1.1 AND 4.5 KM/SEC.

TABLE II LISTS CORRECTED DATA FOR THE TRANSITION WAVE OF 22---6.

P IN KBARS, AND V/VO ARE CALCULATED ASSUMING A ? KSAR ELASTIC WAVE

WITH PARTICLE VELOCITY - 0.009 KM/SEC.

TABLE II

RHOO TO T US UP P V/VO

9.804 19 40 2.050 0.I,"6 25.5 0,9391

9.813 -48 -29 2.02S 0.143 29.4 O.,W,0

U06/14/77
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BISMUTH. SUMMARY

RHOO TO T US UP P V/VO

9.904 62 95 2.033 0.118 23.7 O.J425
(9.813 a08 233 1.990 0.086 17.0 0,95804

US-

COMMENTS:

i) SOURCE: COMPILER
2) THE DATA OF 22---I ,2,3.4,6.,7 WERE USED IN THIS SUMMARY.
3) THE FIRST WAVE PRESSURE OF CAST BISMUTH FROM 22---7 IS GIVEN HERE.

THE MAXIMUM PRESSURE OF THIS RAMP-SHAPED PRECURSOR WAS USED WITH ITS
AVERAGE VELOCITY TO CALCULATE V/VO AND UP FOR THE FIRST WAVE USING
A SINGLE STEP APPROXIMATION.
THIS SUMMARY SHOULD NOT BE EXPECTED TO YIELD AN ACCURATE DESCRIPTION
OF THIS HIGHLY ANISOTROPIC MATERIAL NEAR THE 2 KBAR REGION.

4) FIT I: THE TRANSITION PRESSURE OF 22---7 WAc "•'8BINED WITH THE US
VALUE OF 22 --- 6 TO GIVE A STRAIGHT US-UP L ;" THE INTERCEPT CO.O.

5) THE ADOPTION OF THE 22----7 PHASE POINT CORF. -HE UPI VALUES
OF 22---6 BY 6.6 PERCENT TO THOSE OF' TABLE

6) THE SECOND SHOCK PARAMETERS OF 22---6 HAV. _N USED IN THE 2ND
FIT.

"7) A NUMBER OF GRUNEISEN GAMMAS HAVE BEEN ESTI 'OR THIS- AND OTHER
V.VI ELEMENTS: D.B. SIRDESHMUKH AND B. KAMAk. " AO

J. APPL. PHYS. 4. P. 894 (1973)

* (
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22--- I

B 1SMUTH

81 99.9 PER CENT OR GREATER

(
VOa 0.1021 CC/G CL - 2.18 KMISEC. CO * 1.77 KM/SEC.
Vol 0.1014 CC/G C5 - 1.10 KM/SEC.

IN THE TABLE BELOW. VELOCI1IES ARE GIVEN IN fIMIICROSEC.
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHO0 US UFS UP P V/VO

9.79 2.696 1.401 0,718 189.5 0 7337
- 2.585 1.318 0,676 171.1 0.7385
- 3.075 1.793 0.914 275.2 0.7028
- 3.094 1.800 0.922 278.4 0.7010
- 3.682 2.476 1.212 436.9 0.6708
- 3.659 2.564 1.2e2 437.7 0.6660

US - 1.259 * 1.982 UP KM/SEC SIGCA US - 0.6 PERCENT

COMMENTS:

1) SOURCE: WALSH. J.M.. RICE. M.H.. MCQUEEN. R.G. AND YARGER. F.L.
PHYS. REV.. VOL. 108. P. 169 FF. (1957)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIQUE 8I (DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL 24•T ALUMINUM

3) iMPURITIES WERE MEASURED OY SPECTROCHEMICAL ANALYSIS
4) CL AND CS VALUES WERE OBTAINED FROM L. BERGMAN, DER ULTRASCHALL.

S. HIRZEL VERLAG. STUTTGART, 195'. 6TH ED., P. 650
5) THE PIO8ABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELCCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

U.

ii

iI
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22 -°

BISMUTH

Br

"VO " 0.1015 COLO. Co - 1.711 KMYSEC.
Vol - 0.1020 CC/G,

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC.,

PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO PRESSURE IN
BRASS STANDARO

9.85 3.67 1.23 444 0.665 339
- 3.64 1.23 443 0.661 339

- 4.44 1.80 786 0.596 882

- 4.42 1.79 781 0,594 867
- 4.46 1.79 787 0.599 869
- 4.75 1.97 923 0.585 1008

- 4.66 2.06 945 0.558 1050
- 4.73 2.00 931 0.577 1020
- 5.33 2.47 1299 0.536 1410
- 5.36 2.47 1303 0.540 1410
- 5.51 2.51 1360 0.545 1453
- 5.49 2.48 1344 0.548 1436

- 5.49 2.47 1335 0.551 1423

US - 1.88 + 1.42 UP KH/SEC. SIG.US - 0,07 KM/SEC.

COMMENTS:

I 1) SOURCE: MCOUEEN. R G. AND MARSH. S.P.

J. APPL. PHYS.. VOL. 31. P. 1253 (19601

LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE B
DATA REDUCTION TECHNIOUE B

STANDARD MATERIAL IS PRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36--33---2

4) CO IS OBTAINED FROM DR. LUDWIG BERGMANN. (ER ULTRASCHALL,2N ED..

(S. HIRZEL VERLAG STUTTGART, GERMANY, 1954)

U06/14/77
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22 --- 3

13 1 SMUTH .
BItUT

SI 4

VO 0.102 CC/G
Vol a 0.1020 (;C/G

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC. VELOCITIES IN KI0/SEC
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHOO US UFS LIP P V/VO MATERIAL PRESSURE

9.772 3.69 2.50 1.19 428 0.678 AL 324
9.775 2.56 1.29 0.69 173 0.730 AL 146
9.781 2.54 1.34 0.69 173 0.727 AL 146
9.79 4.60 4.07 1.90 855 0.587 AL 618

S9.77 2.08 0.89 0.46 94 0.778 BRASS 133
9.767 1.82 0.72 0.32 74 0.870 BRASS 95

US - 1.58 + 1.61 UP KM/SEC
SIGMA US - 0.246 KM/SEC

COMMENTS:

1) SOURCE: COMPILER
L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CAL.IFORNIA.

2) EXPERIMENTAL TECI-NIOUE B. STANDARD MATERIALS: 2024. AL ALLOY
"•. ASTM BI6 BRASS

DATA REDUCTION TECHNI- UE B.

3) THE VALUE OF VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE,
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK, N. Y.. 1963).

., . . .. .. . .UO6' 14/77 1
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22---4
8I SHUTH

El

(
VO a O.1020 0/CC.
VO -0.1020 0/CC. CB = 1.86 KMiSEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC..
PRESSURE IN KILOBARS AND DENSITY IN G0CC.

TABLE

RHOg US UP P V/Vo

9.80 3.37 1.05 350 0.690
5.36 a.47 1300 0.538
7.514 4.45 3450 0.439

US - 2.00 1.34UP KM/SEC.
(,

COMMENTS:

II SOURCE: AL'TSHULER. L. V., KRUPNIKOV. K. K. AND BRAZHNIK. M. I.
SOVIET PHYS.-JETP, VOL. 34. P. 614 (1958)

22 EXPERIMENTAL TECHNIOUE A
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL FE

3) C8 IS CALCULATED USING THE VOLUME COMPRESSION COEFFICIENT TAKEN FROM
P. W. BRIDGMAN. THE PHYSICS OP HIGH PRESSURE (G. BELL AND SONS LTD.

LONIDON 1958)
4) VOl WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE

CHEMICAL RUBBER PUBLISHING CO. 1962-19631 44TH ED.
5) THE SPECIMEN WITH A THICKNESS BETWEEN 6-etM. WAS ATTACHED TO A IRON

PLATE OF COMPARABLE THICKNESS 6-91-ti.

A
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22---5

a I SMUTH

VO a 0.1016-0. 1020 O/CC
Vol a 0.1014 QlCc

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC., PRESSURE IN

KILOBARS AND DENSITY IN 0/CC.

TABLE
------------- SAMPLE -------------- STANDARD-

RHO0 US UP P V/VO UFS

9.80 3.511 1.139 392 0.676 2.98C

- 3.521 1.130 390 0.679 2.970

9.84 3.558 1.105 387 0.689 2.920

- 3.568 1.105 388 0.690 2.920

9.84 3.411 1.044 350.5 0.694 0..720

- 3.376 1.096 364 0.6"75 2.820

9.82 3.451 1.045 354 0.697 2.730

- 3.425 1.048 352.5 0.694 2.730

9.84 3.385 1.025 339 0.697 2.260

- 3.376 1.030 342 0.695 2.270

9.82 3.259 1.044 334 0.680 2.660

- 3.268 0.989 317.5 0.697 2.540

9.83 3.305 0.957 311 0.710 2.490

- 3.222 0.998 316 0.690 2.550

9.82 3.221 0.980 31U 0.695 2.505

- 3.276 0.970 312 0.704 2.500

t 9.82 3.119 0.997 306.5 0.680 2.510

- 3.149 0.999 309 0.682 2.520

9.83 3.180 0.968 302.5 0.696 2.460

- 3.213 0.987 303 0.699 2.480

9.82 3.033 0.866 258 0.714 2.185

- 3.033 0.873 260 0.712 2.200

9.82 2.919 0.830 238 0.716 2.070

- 2.957 0.836 242.5 0.717 2.095

9.83 2.763 0.696 189 0.748 1.715

- 2.66' 0.703 184 0.736 1.710

9.84 2.392 0.588 138.5 0.754 1.385

- 2.438 0.582 139.5 0.761 1.375

9.82 2.224 0.615 135 0.723 1.390

- 2,265 0.600 134 0.735 1.370

9.83 2.303 0,537 121.5 0.767 1.245

- 2.283 0.530 119 0.768 1.225

9.81 2.271 0.532 118.5 0.766 1.220

- 2.271 0.530 118 0.767 1.2135

9.82 2,170 0.554 118 0.745 1.245

"- 2.185 0.556 119 0.746 1.250

9.83 2.104 0.456 94 0.784 1.015
- 2.10a 0.463 95.5 0.780 1.030
- 2.091 0.465 95.5 0.779 1.027

- 2.ON 0.463 95 0.778 1.02,O

UO6/14/77
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B 1 SMUTH

RHO0 VS UP P V/VO UFS

- 1.938 0.430 82 0.778 0.925S1.925 0.423 80 0.780 0.900

US - 1.050 + 2.224 UP KM/SEC.

COtMENTS:

1) SOURCE: BERGER J. AND FAUOUIGNON C.
PRIVATE COMMUNICATION (19641. B.P. NO. 7, SEVRAN, FRANCE

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION 8
STANDARD MATERIAL AU4G

3) SAMPLE DIMENSIONS WERE: 2.0 CM DIAMETER
0.5 CM THICKNESS

4) Vol WAS CALCULATED FROM THE CONSTANTS. A a 4.53674 AND C = 11.83834
ANGSTROMS. OF THE HEXAGONJAL UNIT CELL.

( AMERICAN INST. OF PHYS. HANDBOOK (MCGRAW-HILL BOOK CO. 1963) 2ND ED.

U6 11
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22 --- 6

BISMUTH

81

VO a 0.1020-0.1021 CC/G CL 2 1.15 KM/SEC.
VOl * 0.1020 CC/0

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURES IN
KILOBARS, DENSITY IN G/CC AND TEMPERATURE IN DEGREES CENTIGRADE.
THE NUMBERS I AND 2 DESIGNATE THE FIRST AND SECOND SHOCK WAVES.

TABLE

RHO0 TO TI USI UPI PI VI/VO US2 IP2 P2 V2/VO

9.794 19 42 2.043 0.136 27.2 0.9328 1.308 0.a39 39.9 0.8508
9.804 19 42 2.041 0.135 27.0 0.9346 !.e62 0.217 36.7 0.8666
9.804 19 42 2.048 0.134 26.9 0.9349 1.232 0.199 34.5 0.8787
9.804 19 42 2.063 0.136 27.5 0.9344 1.203 0.183 42.8 0,8933
9.813 -48 -27 2.089 0.153 31.3 0.9846(9.804 62 87 2.033 0.127 25.3 0.9388
9.813 208 236 1.990 0.092 17.5 0.9617

US a

COMMENTS-

1] SOURCE: CUFF, R. E. AND MINSHALL, F. S.
PHYS. REV.. VOL. 108. P. 1207 (1957)

2) EXPERIMENTAL TECHNIOUE A
DATA REDUCTION TECHNIQUE D. THE ASSUMPTION UP UFS WAS USED.

3) VOl WAS OBTAINED FROM THE CRYSTAL DATA DETERMINATIVE TABLES, AMERICAN
CRYSTALLOGRAPHIC ASSOCIATION, 2E0. ( 1963)

t

I

S(
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D] I ý,IUTH

(
Vol ft 0. 101968 CC/O

CAST
VO - 0.1020 CC/0

PRESSED
VO - 0.1025 CC/I CL 2.27 KM/SEC CO - 1.86 KM/SEC

CS - 1.13 KM/SEC

SINGLE CRYSTAL A AXIS
VO - 0.1020 .;C/G CL - 2.54 KM/SEC

SINGLE CRYSTAL C AXIS
VO - 0.1020 CC/G CL I 1.98 KM/SECSCS 1 1.02 KM/SEC

IN THE TABLES 9BLOI.I. VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN
KIL0SARS AND DENSITY IN G/CC.

TABLE I
W(AST BISMUTH)

RHOO USI UPI Pi VI/VO US2 UP2 P2 V2/VO

9.804 2.30 0.0089 2.0 0.9961 2.06 0.126 25.5 0.939( - - 0.0093 2.1 0.9960 2.06 0.130 26.5 0.937
- - 0.0075 1.7 0.9967 2.06 0.126 2'5.6 0.939
- - 0.0096 2.2 0.9958 2,06 0.122 24-.6 0.941

US

TABLE !1
(PRESSED 1IS1IUTHrI

RHOO US! UP! PI VI/VO 1152 UP2 P2 V2/VO

9.756 2.16 0.0119 2.5 0.9945 2.06 0.126 25.4 0.939

- - 0.0114 2.4 0.9947 2.06 0.124 25.3 0.9140
- - 0.000 2.1 0.995" 2.06 0.131 26.5 0.937

"US -

TA13LE II I

4.

. --. Ut. 14177



PAGE 29
(SINGLE CRYSTAL BISMUTH A-AXIS)

RHO0 USI UPI Pi VI/Vo use UP2 P2 V21VO

9.804 2.54 0.0104 2.6 0.9959 2.06 0.119 24.6 0.943

( US.

TABLE IV
(SINGLE CRYSTAL BISMUTH C-AXIS)

RHOO USI UPI Pi VI/VO US2 UP2 Pe V2/VO

9.804 2.06 0.12" 25.6 0.938
- 1.97 0.0161 3.1 0.9918 1.83 0.067 12.Z 0.964

US

COMMENTS:

1) SOURCE: LARSON. D. B.
J. APPL. PHYS. (1967). IN PRINT
UCRL- 14853
UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION LABORATORY.
LIVERMORE, CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIOUE I
DATA REDUCTION TECHNIQUE C.

3) THE TRANSITION REPORTED IN THIS PAPER IS UNDOUBTEDLY THE 81 I TO
81 I TRANSFORMATION OBSERVED STATICALLY BY B. W. BRIDGMAN. PHYS.
REV. VOL. 48, P.896 (1935) AND DYNAMICALLY BY R. E. DUFF AND
F. S. MINSHALL. PHYS. REV. VOL. 108. P.1207 (1957).(4) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
Or A HEXAGONAL UNIT CELL CONTAINING SIX ATOMS
A - 4.54590 ANGSTROMS. C -11.86225 ANGSTROMS i215 DEG. C.)
14YCKOFF. R. W. G.. CRYSTAL STRUCTURES (INTERSCIENCE Pt.BLISHERS.
NEW YORK. LONDON, SYDNEY. 1963) 2ND EDITION. VnL. 1. P. 32.

5) THE VALUE OF USI IS THE AVERAGE VELOCITY OF A PRESSIUE RAMP WITH
LEADING EDGE TRAVELING AT 2.54 KM/SEC FOR CAST BISMUTH AND
2.27 KM/SEC FOR PRESSED BISMUTH. THE SINGLE CRYSTAL SAMPLES HAVE
WELL-DEFINED ELASTIC SHOCK WAVES.

(

t
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22 --- 8
BISMUTH CAST

~ VO 0. .1020 CC/0

Vol 0 . 1020 Cc/0

IN THE TABLE BELOW. VELOCITIES ARE IN KM/SEC., PRESSUOB IN KILOBARS AND

DENSITY IN 0/CC.

TABLE

RHO0 LS I LUPI PI VY/VO US2 UP2 P2 VY/VO

9.806 2.051 0.133 26.7 0.9351 1.540 0.262 45.7 0.04C4

- 2.056 0,116 23.4 0.9436 1.470 0.235 40.1 0.8607

- 2.056 0.113 22.7 0.9450 1.512 0.239 41.00.9-99

- 2.052 0.148 29.9 0.9279 1.535 0.236 42.7 0.,690

US

COMMENTS

1) SOURCE; HUGHES 0. S.. GOURLEY L. E. AND GOURLEY M. F.

J. APPL. PHIS.. VOL. 32. P. 624 (1961)

2) EXPERIMENTAL TECHNIQUEI : A AND 0

DATA REDUCTION METHOD: DI
3( ) VOl WAS OBTAINED FRO" WYCKOFF. R. W. 0.. CRYSTAL STRUCI.RES tINIER-

SCIENCE P ,BL., NEW-YORK. 1963) 2ND. EDITION. VOL. 1. P. 32.

4) THE ELASTIC WAVE OBSERVED IN --- 7 WAS NEGLECTED IN CALCULATING THE

ABOVE POINTS. 
t

V1V1 7
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23---I
GRAPHITE PYROLYTIC

C 100 PERCENT

VO a .455 CC/G CL = 3.45 KM/SEC
VOl - .444 CC/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC, AND PRESSURE IN

KILOBARS.

TABLE

US! UFSI UPI Pi 'wI/VO US2 UFS2 UP2 P2 Va/VO

7.19 3.92 1.78 281.0 0.752
6.65 2.6Z 1.33 193.0 0.802
5.95 1.93 0.93 122.0 0.844
5.57 1.62 0.80 98.0 0.858
5.91 1.97 0.91 118.0 0.947
5.91 1.93 0.95 123.0 0.842

6.66 2.82 1.42 207.0 0.788
7.34 1.73 280.0 0.764
5.88 1.89 0.92 119.0 0.844
5.97 1.92 0.90 117.0 0.3151

3.28 0.038 2.7 0.988 4.72 0.515 35.5 0.895
3.2 0.027 1.9 4.30 0.65 0.287 27.2 0.933
3.2 0.027 1.9 4.40 0.63 0.304 29.4 0.930

5.35 1.17 0.63a 75.0 0.881
3.2 0.027 1.9 4.14 0.174 15.7 0.957

( 3.2 0.012 0.8 5.75 0.830 105.0 0.854
3.2 0.012 0.8 5.54 0.800 98.0 0.855
3.2 0.012 0.8 4.88 0.440 47.2 0.909
3.2 0.012 0.8 4.81 0.415 43.9 0.913

US - 3.70 * 2.41 UP, SIG.US - 0.1 KM!SEC. FOR UP LESS THAN 1.0

US - 4.57 * 1.53 UP, SIG.US - 0.13 KM/SEC. FOR UP GREATER THAN 1.0

r COIMIMENTS:

"1) SOURCE: DORAN, D.O.
J. APPL. PHYS.. VOL. 34. PP. 844-850 (1963)
HUGONIOT EOUATION OF STATE OF PYROLYTIC GRAPHI7E TO 30C KBARS
4POULTER LABORATORIES. STANFORD RESEARCH INSTITUTE. MENLO

* PARK. CALIFORNIA)
I2 EXPERIMENTAL TECHNIQUE C AND D

DATA REDUCTION TECHNIOUE 8
(STANDARD MATERIAL ALUMINUIM)

3) THE DOUBLE WAVE REPORTED IN GRAPHITE ORIGINATED IN THE DRIVER PLATE.

NOT IN THE GRAPHITE. THE SECOND SHOCK AND PARTICLE VELOCITY REPRE-
SENT THE FINAL STATE OF' THE SHOCKED GRAPHITE.

U06/14/77
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23---2
GRAPHITE PYROLYTIC

C 100 PCRCCNT

VO = 0.456 CC/G
VOI * 0.444 CC/G

IN TWE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC. PRESSURE IN
KILOBARS, AND SPECIFIC VOLUME IN CC;G.

TABLE

US UFS UP P V/V0 BASE PLATE BASE PLATE
PRESSURE

5.901 2.360 0.893 115.9 0.847 BRASS 240.0
5.955 2.340 0.885 115.9 0.851 BRASS 240.0
5.790 1.760 0.855 108.9 0.852 BRASS 227.0
5.790 1.760 0.860 109.5 0.851 BRASS 227.0
5.514 1.586 0.787 95.5 0.857 BRASS 202.0
4.932 - 0.464 50.3 0.906 BRASS 108.0
4.93a - 0.464 50.3 0.906 BRASS 108.0
4.420 - 0.305 29.7 0.931 BRASS 95.4
4.420 - 0.395 29.7 0.931 BRASS 95.4
5.016 - 0.404 44.6 0.919 BRASS 108.0
5.003 - 0.479 52.7 0.904 BRASS 108.0
4.750 - 0.350 36.6 0.916 BRASS 95.4
5.750 1.762 10.813) 11-.4 0.847 BRASS -
5.700 1.768 (0.884 1 10.9 0.845 BRASS
5.440 1.668 0.798 95.5 0.853 BRASS 200.0
5.440 1.760 0.802 96.0 0.853 BRASS 200.0
6.550 2.796 1.504 216.7 0.770 AL 254.0
6.617 2.786 1.487 21365 0.775 AL 254.0
6.337 2.574 1.237 172.5 0.005 AL 206.0
6.284 2.512 1.239 171.3 0.803 AL 206.0
7.803 4.656 2.151 386.6 0.711 BRASS 752.0
"8.370 5.032 (2.5161 463.3 0.699 AL 318.0
6.34a2 4.980 2.501 459.0 0.700 AL 543.0
7.445 - 1.900 311.2 0.745 AL 356.0
7.629 - 2.180 %t55.8 0.714 BRASS 566.0
0.38• 4.780 2.33e 427.0 0.720 AL 318.0
7.577 4.118 (a.059) 343.2 0.729 BRASS -

JUS - 3.91 + a.14 UP. SIG.US - 0.14 BELOW UP - 3.0 KM/SEC.
US - 5.01 + 1.05 UP. SIG-US - 0.05 FOR UP BETWEEN 1.0 ANO 1.7S~KMISEC.
US - 4.20 + 1.669,P. SIG.-US 0.20 ABOVE UOP - 1.7 KM/SEC.

COMMECNTS

;.I I! SM,,ti COLEGURN, N. L.
S J. CHEMV. PHYS, V.40. P.71 h1154)

- . -. . -- -• .... ...
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REPORT NO. NOLTR 63-73 (1963) P 3

THE COMPRESSIBILITY OF PYROLYTIC GRAPHITE
UNITED STATES NAVAL ORDNANCE LABORATORY, WHITE OAK, SILVER

SPRING. MARYLAND.
2) EXPERIMENTAL TECHNIQUE 8 AND C I

DATA REDUCTION TECHNIQUE B AND D
� UP OBTAINED BY TECHNIQUE D IS ENCLOSED IN PARENTHESES.

3) THE PYROLYTIC GRAPHITE WAS OBTAINED FROM HIGH TEMPERATURES MATERIALS,
INC.. LOWELL, MASS.

4) LONGITUDINAL SOUND VELOCITY:
C-AXIS NORMAL TO THE ORIGINAL PLANE OF DEPOSITION OF GRAPHITE
A-AXIS PARALLEL TO ORIGINAL PLANE OF DEPOSITION

TABLE
C-AXIS A-AXIS

TEMP. VELOCITY TEMP. VELOCITY
DEG. K, KM/SEC. DEG. K. KM/SEC.

51 3.518 298 4.791

62 3.516
78 3.512

103 3.507
130 3.495
165 3.483

199 3.465
234 3.460
254 3.454
273 3.446
293 3.443
313 3.433
334 3.430

S• 5) THERE WAS NO MEASURABLE DIFFERENCE BETWEEN THE SHOCK VELOCITIES ALONG
THE C AND A AXES.

I

i

I.
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23---3
GRAPHITE COMtIERCIAL

C

VO , 0.6143 CC/G
VOl 0.4412 CC/0

1.. IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SLC., PRESSURE IN

KILOBARS AND DENSITY IN G/CC

TABLE

------------ SAMPLE -------------------- STANDARD ------

RHOO US UP P V/VO UrS(ST) UFS(ST)
(ALUMINUM) (MAGNESIUM)

1.628 5.312 a.331 200.5 0.561 4.080
- 5.192 2.347 199.5 0.548 4.080
- 5.263 2.442 210 0.536 4.260
- 5.263 2.343 201.5 0.565 4.100
- 4.960 2.052 167 0.584 2.990
- 4.907 2.100 168 0.572 3.030
- 5.071 2.048 170 0.578 3.020
- 5.192 2.011 171 0.594 2.980
- 4.634 •.893 142 0.591 2.700
- 4.634 1.880 141 0.594 2.690
- 4.726 1.909 147 0.596 2.740
- 4.726 1.896 146 0.599 2.720
- 4.583 1.913 143.5 0.593 2.740
- 4.583 1.967 147.5 0.571 2.800
- 4.695 1.829 139 0.610 2.630
- 4.595 1.829 139 0.610 2.630
- 4.241 1,739 120 0.590 2.430
- 4.184 1.728 117.5 0.587 2.415
- 4.464 1.760 128.5 0.606 2.505
- 4.378 1.746 14 0.601 2.485
- 4.115 1.537 103 0.626 2.160
- 4.115 1.537 103 0.626 2.160
- 4.039 1.576 104 0.610 2.200
- 4.115 1.530 102.5 0.628 2.140
- 3.720 1.336 81.5 0.641 1.835
"- 3.782 1.331 82.5 0.648 1.835- 3.660 1.350 81 0.631 1.835

- 3.660 1.350 81 0.631 1.835
- 3.446 1.206 72 0.627 •.770
- 3.390 1.300 71.5 0.617 1.745
- 3.472 1.246 71 0.641 1.695
* 3.5M 1.246 71 0.647 1.595
- 3.526 1.246 71 0.647 1.695
- 3.185 1.135 59 0.644 1.495
- 3.123 1.137 58 0.636 1.495
S- 2•.751 0.911 41 0.670 9.1

-2.776 0.933 42 0.664 1.19"
- 3.023 1.020 50 0.663 1.335

0 A
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GRAPH I TE COMMERC I AL

RHOO US UP P V/VO UFS(ST) UFS(STI

- 3.003 1.041 51 0.653 1.350
- 3.043 1.010 50.5 0.668 1.330
- 3.003 1.010 49.5 0.664 1.330
- 2.726 0.955 42 0.650 1.215
- 2.743 0.956 43 0.651 1.215
- 2.761 0.911 41 0.670 1.175

L - 2.737 0.912 41.5 0.663 1.190

US - 1.162 * 1.822 UP KM/SEC.

COMMENTS:

I) SOURCE: BERGER J. AND FAUOUIGNON C.
PRIVATE COMMUNICATION (1964), B.P. NO. 7. SEVRAN. FRANCE

2) EXPERIMENTAL TECHNIQUE 8

DATA REDUCTION TECHNIQUE B
/( STANDARD MATERIALS, MAGNESIUM AND ALUMINUM AU4G ALLOY

3) VOI WAS OBTAINED FROM CRYSTAL DATA DETERMINATIVE TABLE (AMERICAN
CRYSTALLOGRAPHIC ASSOCIATION) 2ND ED., APRIL I. 1963.

4) SAMPLE DIMENSIONS WERE: 2.0 CM DIAMETER

0.5 CM THICKNESS

I"

1!4
I
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CARBON (GRAPHITE, CEYLON-PRESSEDI

C

(
VO a 0.460 CC/G
VO! a 0.4412 CC/0

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC. 0 IS SAMPLE THICKNESS IN 1M1.

TABLE

-S-AIPE--------------E ------ BASEPLATE

RHOO US UFS UP P V/VO 0 P

2.185 7.60 2.94 468 .613 6.2 612
2.185 7.43 5.19 3.1 612
2.181 7.,I 3.02 488 .593 6.2 624
2.181 7.34 5.15 3.1 624
2.180 7.87 3.36 576 .573 6.2 730
2.180 7.99 5.45 3.1 730
2.170 6.91 2.72 408 .605 6.2 532
2.170 6.68 4.72 3.1 532
2.iBo 7.93 3.26 564 .589 6.2 707
2.180 7.79 5.52 3.1 707
2.179 6.47 2.21 311 .659 6.2 395
2.179 6.36 3.71 3.1 395
2.172 7.78 3.38 571 .566 6.2 730
2.170 7.65 3.31 549 .567 6.2 707
2.181 6.50 3.76 2.20 312 .661 6.2 401

2.179 6.52 2.20 312 .662 6.2 401

US - 3.90 + I.177*UP KM/SEC.
SIG.US a 0.1% KM/SEC.

COMMENTS:

1) SOURCE: COIPILER
L. R. L. EOUATION OF STATE FILE

t LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.
2J EXPERIMENTAL TECHNIMUE B. (ALUMIIUIMJ STANDARD BASE PLATE)

DATA REDUCTION TECHNIQUE S.
3) THE VALUE OF VOl WAS OBTAINED FROM THE FOLLO0ING LATTICE CONSTANTS

OF TiE HEXAGONAL UNIT CELL:
A a 2.461? ANGSTROMS. C a 6.7079 ANGSTROMS. A.C.A. MONOGRAPH NO.5
CRYSTAL DATA DETERMINATIVE TABLES. 2ND EDITION
IAMERICAN CRYSTALLOGRAPHIC ASSOCIATION 19631

41 THE ABOVE DATA AND DATA FOR COtMERCIAL CARBON. (23---51. HAVE BEEN
DISCUSSED BY 9. J. ALDER AND R. H. CHRISTIAN IN PHYS. REV. LiTIERS
VOL. 7. P. 357 (19631.

U06' 114 s77
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5) DATA ABOVE 650 KILOBARS DISCUSSED BY ALDER AND CHRISTIAN ARE

OMITTED B3ECAUSE OF EXPECTED INTERFERENCE BY AN ELASTIC RELEASE
HAVE CAUSED BY A VERY THIN PROJECTILE PLATE THAT WAS USED TO
OBTAIN HIGHER PRESSURES.

(
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23-- -5
CARBON (GRAPHITE. COIMIRCIAL) ATJ)

c4

VO - O.560 CC/O CL - 2.54 K1/SEC CO - 1.68 KM/SEC
VOI - 0.4412 CC/G CS a 1.5•5 KM/S-EC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOSARS
AND DENSITY IN G/CC. UFS OBTAINED ON 3 SAMPLES ONLY.

TABLE

- - --- SAMPLE - - - - ---------- BASEPLATE

RHOO US UlFS UP P V/VO 0 P

1.673 5.05 2.00 171 0.604 6 296
1.673 5.09 3.22 3 296

.685 5.2.23 3202 0.590 6 351
1.685 5.35 3.56 3 351

1.761 7.13 3.76 472 0.603 6 738
1.761 7.08 3 738
1.775 6.39 3.35 374 0.610 6 612
1.755 5.5 3 612
1.739 5.64 2.26 217 0.599 6 356
1.739 5.78 3.62 3 356
1.796 5.30 1.78 169 0.664 6 268
1.796 5.25 3.09 3 268
1.802 7.61 5.96 4.55 617 0.402 3 958

1.812 6.68 3.22 319 0.521 6 590
1.812 6.51 5.18 3 5390

US - 3.32 * 0.99"UP KM/SEC
SIG.US = 0.21 KM/SEC.

COMMENTS:

i) SOURCE: COMPILER

L. R. L. EOUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.

21 EXPERIMENTAL TECHNIouE a (ALUMINULAM STANDARD BASE PLATEI.
DATA REDUCTION TECHNIQUE 9.

31 THE VALUE OF VOl WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONA. UNIT CELL:
A - 2.4612 ANGSTROMS. C - 6.7079 ANGSTROMS. A.C.A. MONOGRAPH NO.5
CRYSTAL DATA DETERMINATIVE TABLES. 2ND EDITION
AMERICAN CRYSTALLOGRAPHIC ASSOCIATION 11963).

41 SOUND VELOCITY WAS MEASURED BY H. L. DUNEGAN.SUPPORT ENGINEERINO
ULTRASONICS *ROUP. LAWRENCE RADIATION LABORATORY. LIVERMORE, CALIF.

S1 THE ABOVE DATA AND DATA FOR CEYLON GRAPHITE (23---4). HAVE KEN

DISCUSSED BY B. J. ALGER AND R. H. CHRISTIAN IN PHYS. REV. LETTERS

U0S/Iq/?7 i
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VOL. 7. P. 3E7 (1963).

6) DATA ABOVE 530 KILOSARS DISCUSSED By ALDER AND CHRISTIAN ARE

OMITTED DECAUSE OF EXPECTED INTERFERENCE BY AN ELASTIC RELEASE

14AVE CAUSED BY A VERY THIN PROJECTILE PLATE THAT WAS USED TO ,

OBTAIN HIGHER PRESSURES.
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23---6
CARBON. (GRAPHITE PYROLYTIC)

C

VO v 0.455 CC/0 CL * 3.45 KM/SEC
VOI a 0.4412 CC/G C8 - 3.9 KM/SEC

IN TIE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILO8AHIS

AND OENSITY IN 0/CC.

TA.LE

S........ SAMPLE --- ------- STANDARD

RHOO US UP P V/VO US(ST)

2.20 3.90 0. 0. 1.0000 0.
2.20 5.18 0.37 4!. 0.9286 5.88
2.20 5.17 0.37 43. 0.9284 5.88
2.20 5.14 0.37 %!2. 0.9280 5.88
2.20 6.17 0.83 114. 0.8655 6.44

S2.20 6.05 0.84 112. 0.8612 6.44
2.20 6.01 0.84 112. 0.%602 6.44
2.23 6.19 0.99 137. 0.8401 6,62
2.20 6.41 1.01 142. 0.8424. 6.64
2.22 6.76 1.30 "96. 0.8077 7.00
2.22 6.78 1.30 196. 0.8083 7.00
2.20 6.75 1.33 197. 0.8030 7.02
2.20 6.72 1.33 197. 0.8021 7.02
2.20 6.66 1.33 195. 0.8003 7.02
2.20 7.01 1.46 225. 0.7917 7.18
2.20 6.97 1.46 P24. 0.7905 7.18
2.20 6.97 1.46 22. 0.7905 7.18
2.22 7.64 1.81 308. 0.7631 7.64

2.20 7.64 1.82 305. 0.7618 7.63
2.20 7.57 1.83 305. 0.7583 7.64
2.20 7.55 1.83 304. 0.7576 7.64
2.20 7.50 1.83 303. 0.7560 7.64
2.23 7.85 2.00 351. 0,7452 7.87
2.21 8.02 2.16 383. 0.7307 8.05
2.20 8.28 2.30 420. 0.7222 8.23
2.20 8.24, 2.31 419. 0.7197 9.23

2.20 8.19 2.31 417. 0.7179 8.23
2.20 8.29 2.33 425. 0.7189 8.26
2.20 8.24 2.33 424. 0.7172 8.26
2.20 8.21 2.34 423. rn.7150 8.26

2.22 8.11 2.42 436. 0.7016 8.34
2.21 8.18 2.49 451. 0.6956 8.42
2.21 8.38 2.58 478. 0.6914 8.54

2.20 8.33 2.81 515. 0.6627 8.77
2.20 8.26 2.82 513. 0.6586 8.77
2.20 8.24 2.92 512. 0.6578 8.77
2.23 8.28 3.17 585. 0.6171 9.14
2.22 8.06 3.22 577. 0.6005 9.16
2.21 8.21 3.37 612. 0.5895 9.33
2.20 8.43 3.46 64e. 0.5896 9.45

U06/14/77
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CARBO•N (GRAPHITE PYROLYTIC)

RH00 US UP P V/VO US(ST)

2.20 8.38 3.46 6640. 0.5871 9.45
2.20 8.36 3.47 639. 0.5849 9.45
2.2E0 8.3"7 3.55 652. 0.5759 9.5

a.21 8.57 3.58 876. 0.5823 9.59
2.20 8.56 3.65 687. 0.5735 9.66
2.23 9.13 3.68 749. 0.5969 9.79
2.21 8.86 3.68 720. 0.5847 9.74
2.21 9.17 3.69 7647. 0.5976 9.79
2.22 9.17 3.72 759. 0.59643 9.84
2.20 9.07 3.76 751. 0.5654 9.65
2.24 9.21 3.77 777. 0.5907 9.90
2.21 9.47 ,.95 828. 0.5829 10.11
2.23 9.41 3.96 831. 0.5792 10.13

US w 4.74 * 1.536UP KM/SEC .8(UP(2.3
SIG US - 0.067 KM/SEC
US - 3.9 + 2.3&UP KM/SEC 3.25(UP(4.
SIG US - 0.22 KM/SEC

COtMENTS:

II SOURCE: MCOUEEN, R.G. AND MARSH. S.P.
I-GONIOTS OF GRAPHITES OF VARIOUS INITIAL DENSITIES AND THE
EOUATION OF STATE OF CARBON.
SYMPOSIUM ON THE 'BEHAVIOR OF DENSE MEDIA UNDER
HIGH DYNAMIC PRESSURE', I.U T.A.M. PARIS, 1967
(GOROON AND BREACH. N.Y. 1951)

2) EXPERIMENTAL TECHNIQUE 9.
DATA REDUCTTION HETHOD B.
STANDARD MATERIAL 2024 ALUMIINUJ WITH LINEAR SHOCK VELOCITY-PARTICLE
VELOCITY HUIGONIOT RELATIONSHIP US - 5.46 I.318-UP KM/SEC
RHOO - 2.785 G/CC. GRULEISEN RATIO * 1.89 - V*(DP/DE)

31 THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS:
A ,, 2.4612 ANGSTROMS. C a 6.7079 ANGSTROMS: A.C.A. MONOGRAPH NO.5

CRYSTAL DATA DETERMINATIVE TABLES. 2ND EDITION,
AMERICAN CRYSTALLOGRAPHIC ASSOCIATION (1963).

41 THE GRUNEISEN RATIO OF THE LOW PRESSURE PHASS 1.71/RHO YIELDS A
GOOD FIT TO THE POROUS DATA OF 23---7 AND WITH A PYROLYTIC IOS
CENTERED ON THE IDEAL DENSITY.

it

I 'II
II
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23---7
CARBON IGRAPHITE POROUS)

C

(
VO - I/RHOO CC/G
VoI - 0.4412 CC/G

IN THE TABLES BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN

KILOBARS AND DENSITY IN 0/CC.

TABLE I

- --- SAMPLE- -- ------- STANDARD

RHOO US UP P V/VO US(ST)

2.11 5.31 1.01 113. 0.8098 6.55
2.12 6.10 1.37 178. 0.7754 6.99
2.12 6.41 1.98 270. 0.6911 7.65
2.14 6.65 2.64 376. 0.6030 8.34
2.14 6.80 2.81 410. 0.5868 8.54
2.15 8.08 3.42 594. 0.5767 9.33
2.14 8.89 3.81 726. 0.5714 9.94
2.13 0.96 3.87 740. 0.5681 9.90
2.13 9.34 4.02 802. 0.5696 10.11
2.14 9.77 4.22 880. 0.6581 10.38
2.14 9.70 4.37 907. 0.5495 10.53

US - 3.1 * 2.2*UP KM/SEC I.O(UP(1.4
SIG US a ?
US - 1.30 + l,.90UP KM/SEC 2.7/UP<4.5
510 US a 0.23 KM/SEC

TABLE 11

-- ........- SAMPLE --- ------- STANDARD

RHO0 US UP P V/vo US(ST)

2.04 3.48 0.35 24. 0.8994 5.79
2.03 3.51 0.37 26. 0.8946 5.81
2.04 4.41 0.90 81. 0.7959 6.37
2.03 4.41 0.91 81. 0,7937 6.37
2.02 4.91 1.06 106. 0.7941 6.56
2.04 4.94 1.07 108. 0.7834 6.57
2.01 5.58 1.39 156. 0.7509 6.34
2.03 5.6w 1.40 160. 0.7509 6.96
2.04 6.10 1.82 226. 0.7016 7.42
2.03 6.11 1.82 225. 0.7021 7.42
2.01 6.11 1.94. 2V. 0.6989 7.44
2.04 6.14 1.85 232. 0.5987 7.46
2.0' 6.11 1.86 231. 0.6956 7.46
2.01 6.15 1.90 235. 0.6911 7.50

U06I14/77
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CARBON (GRAPHITE POROUS)

RHO0 US UP p V/VO US(ST)

2.01 6.96 2.97 417. 0.5733 8.66

S2.00 6.98 2.98 416. 0.5731 8.66

2.03 7.30 3.19 472. 0.5630 8.92

2.02 7.28 3.20 469. 0.5604 8.92

2.03 7.68 3.44 536. 0.5521 9.22

2.03 7.70 3.44 533. 0.5532 9.22

2.03 7.93 3.71 598. 0.5322 9.53

US a 2.72 * 2.021UP KM/SEC 0.3(UP(I.6

51G US a 0.20 KM/SEC
US - 2.87 * 1.389UP KM/SEC 2.6(UP<4.

SIG US - 0.12 KM/SEC

TABLE II1

-- - SAMPLE - STANDARD

RHOO US UP P V/VO US(ST)

1.96 4.15 0.92 75. 0.7783 6.36

1.94 4.45 1.10 95. 0.7528 6.55

1.95 5.36 1.48 155. 0.7239 6.99

1.96 5.94 1.83 214. 0.6919 7.40

1.95 5.90 1.84 212. 0.6881 7.40

1.95 6.08 2.08 246. 0.6579 7.65

3.95 6.13 2.20 263. 0.6411 7.77 -.

1.94 6.31 2.21 262. 0.6383 7.77

1.95 6.23 2.37 288. 0.6196 7.95

S.96 6.51 2.74 340. 0.5791 8.34

1.95 6.42 2.79 348. 0.5654 9.37

1.94 6.38 2.80 346. 0.5611 8.37

1.94 6.53 2.95 373. 0.5482 8.54

1.95 6.97 3.15 428. 0.5481 8.80

1.95 7.03 3.24 443. 0.5391 8.89

S.94 7.01 3.24 441. 0.5378 8.89

1.94 7.44 3.55 513. 0.5228 9.24

1.93 7.46 3.55 511. 0.5241 9.24

1.94 7.60 3.61 534. 0.5250 9.33

3.95 8.50 3.99 664. 0.5306 9.84

1.95 8.52 4.06 674. 0.5235 9.90

3.96 8.91 4.21 734. 0.5275 t0.11

1.95 8.78 4.Z5 726. 0.5159 10.13

1.95 9.43 4.55 838. 0.5175 10.53

US a 2.34 + 1.970UP KM/SEC 0.9(UP(1895

SIG US a 0.20 KM/SEC
US - 1.50 * 1.72°UP KM/SEC 2.8(UP(4.6

S61 US - 0.24 KM/SEC

U06/14/'77
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TABLE IV

- -. .- -- -SAMPLE - . 'STANDARD

IHO0O US UP P WVO US(ST I

( 1.88 3.85 0.95 69. 0.7532 6.36

1.58 4.23 1.13 90. 0.7329 6.55

1.88 5.07 1.52 145. 0.7/00? 6.99

1.88 5.68 1.89 201. 0.6673 7.40

1.88 5.98 2.11 238. 0.65472 7.65

1.88 6.06 2.24 255. 0.6304 7.77

1.88 6.27 2.39 282, 0.6198 7.95

1.88 6.32 2.80 332. 0.5570 8.34

1.88 6.42 2.82 340. 0.5607 8.37

1.87 6.49 2.98 363. 0,5401 8.54

1.88 6.89 3.20 414. 0.5356 8.80

1.88 6.98 3.28 430. 0.5301 8.89

I.88 7.33 3.60 497. 0.5089 9.24

1.88 7.45 3.68 514. 0.5060 9.33

1.88 8.37 4.13 649. 0,5066 9.90

1.87 8.62 4.32 697. 0.4998 10.11

t.87 8.58 4.34 697. 0.4942 10.13

(.86 8.87 4.55 757. 0.4870 10.38

1.87 9.27 4.64 806. 0.4995 10.53

US - 2.00 + 1.977*LP KM/SEC 0.9<UP<1.9

SIG US - 0.19 KM/SEC
US a 1.73 * I .59*UP KHMSEC 2.94UP<4.7

IG US a 0.26 KMI/SEC

TABLE V

(........ SAMPLE --- - - - ---- STANDARO

H400 US UP P V/VO USESST

1.79 3.57 0.98 63. 0.7255 6.36

1.76 3.93 1.18 79. 0.6919 6.55

1.77 4.15 1.26 92. C.6964 6.64

1.77 4.69 1.59 132. 0.6,10 6.99

1.73 4.75 1.60 132. 0.6632 7.00

1.76 4.77 1.65 139. 0.6541 6.07

1.76 4.74 1.65 138. 0.6519 6.87

1.81 5.44 1.94 190. 0.6434 7.40

1.77 5.77 2.16 221. 0.6256 7.63

1.79 5.70 2-18 223. 0.6175 7.65

1.76 5.54 2.23 221. 0.6046 7.52

1.76 5.62 2.23 220. 0.6032 7.52

S1.78 5.78 2.31 238. 0.6003 7.77

1.80 6.03 2.45 267. 0.5937 7.95

1.79 6.07 2.59 282. 0.5733 0.08

1.77 6.25 2?.67 294. 0.5728 8.03

1.77 6.04 2.69 288. 0.5546 8.03

1.78 6.13 2.86 311. 0.5334 8.33

1.77 6.12 • .86 211. 0.5327 8.33

UO' I14/77
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CARBON (GRAPHITE POROUS)

RHO0 US UP P V/VO US(ST)

1.75 6.0 28.98 312. 0.53551 8.34

1.79 6.23 2.89 380. 0.5361 8.37
1.75 6.32 2,94 325. 0.53349 8.42

1.75 6.88 3.08 338. 0.5096 8.54'

1.77 6.69 3.1? 370. 0.5336 9."'.

1.77 6.61 3.13 367. 0.5265 8.54

1.79 6.72 3.e7 394. 0.5133 8.80

1.81 6.78 3.35 411. 0.5059 8.e9

1.76 6.53 3.40 390. 0.4793 8.79

t.76 6.49 3.40 388. 0.4761 18.79

i.76 7.14 3.60 453. 0.4958 9.)'4

1.79 7.17 3.68 472. 0.496M 9.2%

1.76 7.2% 3.7S 481. 0.4779 9.33

1.76 7.90 4.12 574. 0.4785 9.'74

1.76 8.15 4.14 593. 0.4920 9.79

1.7% 8.09 4.21 592. 0.4796 9.84

1.5 8.28 4.84 615. 0.4879 9.90

1.,'. 8.39 4.45 651. 0.4696 10.31

1.'.N 6.45 4.46 655. 0.4722 10.13

1.75 8.82 4.65 720. 0.4728 10.38

1.76 9.10 4.76 763. 0.4769 10.53

US . 1.68 * 1.90"UP KM/SEC .9(UP<(8.8

SIG US - 0.20 KIiSEC
US . .70 -* i.51"UP KM/SEC 3.06(UP(5.

SIG US . 0.5 IQiSEC
TABLE VI

- ---- -- - SAMP:LE -. ------- STANDARD

RH0O US UP P V/VO USIST)

154 28.76 0.96 41. 0.6522 6.26

1.56 4.39 1.75 119. 0.6014 7.05

1.55 4.31 1.76 117. 0.5936 7.05

1.935 5.25 a.34 o90. 0.5543 1.66

1.545 5.24 2.34 90. 0.5534 "T.66

1.5'4 5.87 ?.38 134. 0.54•4 7.69

1.55 6.17 3.e0 307. 0.4914 9.54

1.54 6.16 3.21 304. 0.47e89 9.5

1.55 6.2: 3.41 3Mg. 0.4535 9.73

1.54 6.e5 3.41 329. 0.4544 8.73

1.53 1.e9 4.28 476. 0.4129 9.64

1.52 7.2a 4.29 471. 0.4058 9.6h

US • 0.842 * 2.00"UP KM/SEC 0.9<UP(2.315

SIG US - 0.25 K•ISEC

COIIENTS:

! S(JJ.RC£ M1CQUEEN, RP.O. AND MARSH, S.P.

U06/14/77
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HUGONIOTS OF GRAPHITES OF VARIOUS INITIAL DENSITIES AND TIE
EQUATION OF STATE Or CARBON
SYMPOSIUM ON THE 'BEHAVIOR OF DENSE MEDIA UNDER
HIGH DYNAMIC PRESSURE', I.U.T.A.M, PARIS. 1967

(GORDON AND BREACH. N.Y. 1968)
2) EXPERIMENTAL TECHNIQUE B.

( DATA REDUCTION IETHO0D B.
"STANDARO MATERIAL ?o02 ALUIIINUM WITH LINEAR SHOCK VELOCITY-PARTICLE
VELOCITY HUGONIOT RELATIONSHIP US-5.46+1.318,IP KM/SEC,

RHO0"2.785 G/CC, GRUNEISEN GAMMA a 1.89
3) THE VALUE OF VOI WAS OBTAINED FROM TIE FOLLOWING LATTICE CONSTANTS:

A a 2.4612 ANGSTROMS. C - 6.7079 ANGSTROIM, A.C.A. MONOGRAPH NO.5
AMERICAN CRYSTALLOGRAPHIC ASSOCIATION (1963).

4) THE ABOVE DATA WERE DISCUSSED BY R. G. MCOUEEN IN METALLURGICAL
SOCIETY CONF'ERENCES, (GORDON AMD BREACH SCIENCE PUBLISHERS N. Y. 1963
VOL. 22, CHAPTER 3.

5) MATERIAL OF TABLE I PRESSED GRAPHITE
- - - 1I1 PRESSED ORAPHITE
- - - !! UNION CARSIDE CO. GRADE ZTA: HOT WORKED GRAPHI-

TIZED TAR ( 99.8 WiT. PERCENT C)
- - - IV PRESSED GRAPHITE
- - - V UNIION CARBIDE CO. GRADE ATJ: GRAPI41TIZED TAR

(99.8 PERCENT C)
S- - - VI UNION CARBIDE CO. GRADE PT 0178: CELLULOSE

FIBRE MIXTURE.
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23 --- 8

CARBON (DIAMOND PRESSED)

C: 99+ MYI. PERCENT. : '

DIAMOND 95 - -

GRAPHITE 5 - -( POROSITY a VOL. -

VO * 0.314 CC/0 CO 1 11.22 KMISEC
VOI 0,284404 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KMSEC. PRESSURE IN KILOBARS

AND DENSITY IN G/CC.

TABLE

- - -SAMPLE ------------ STANDARD

RHOO US UP P V/VO USISTI

3.e0 9.91 1.37 434. 0.. 861S 7.65
S3.17 12.10 2.94 1128. 0.7570 9.93

"3.20 12.49 3.19 1275. 0.7"446 10.31

US - 7.976 * 1.4099UP KM/SEC
SIG US a 0.027 KM/SEC

COftIMENTS:

I1 SOURCE: MCQUEEN. R.G. AND MARSH. S.P.
HUGONIOTS OF GRAPHITES OF VARIOUS INITIAL DENSITIES AND THE
EQUATION OF STATE OF CARBON
IVTAI SYMPOSIUM: BEHAVIOR OF DENSE MEDIA UNDER HIGH DYNAMIC
PRESSURES. (PARIS '67) (GORDON AND BREACH. NEW YORK 1968)

2) EXPERIMENTAL TECHNIQUE; B.
DATA REDUICTION METHOD B.
STANDARD MATERIAL 2024 ALUMIhUM WITH LINEAR SHOCK VELOCITY-PARTICLE
VELOCITY I'UONIOT RELATIONSHIP US-5.46*1.31B'UP KM/SEC.
RHOO2-.785 G/CC, GRUNEISEN GAMMA a 1.89

3) THE VALUE OF VOl WAS OBTAINED FROM WYCKOFF. CRYSTAL STRUCTURES,
(INTERSCIENCE PUBL.. N. Y. 1963) 2ND ED. VOL. 1: A - 3.56679 ANGSTR.

4) THE DIAMOND SAMPLES HERE PRESSED WITH GRAPHITE BINDER (CIRCA S WT.
PERCENT) INTO 9 TO 12 MM DIAMETER DISCS.

5) CO -(E(ClI)+2(Cl2)I/(3-RHO0)),O.5 WITH CII - 10.79 .- 0.05 MBAR
T o 25 DEO. C.. RHO0 a 3.512 G'CC.. C12 - 1.24 *- 0.05 -

H.J. MCSKIMMIN AND P. ANDREATCH.JR. PHYS. REV. 43, 2944 CR976")
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GERMANIUM

VO - 0.1985 CClG CO a 3.77 KNISEC
VOI - 0.1,78 CC1o CS a 3.8? KM/SEC

IN THE TABLE BELOW, DENSITY IS GIVEN IN 0/CC. VELOCITIES IN KMISEC.
L! AND PRESSURE IN KILOBARS.

TABLE

- ------------------ SAMPLE ----------------- BASE PLATE

RHOO Us UFS UP P V/VO PRESSURE

5.3P4 3.81 1.32 0.73 148 0.808 139
5.317 4.43 2.93 1.63 384 0.632 363
5.239 4.38 2.9% 1.56 358 0.645 341
5.30B 3.87 1.75 0.97 199 0.749 192
5.32v 4.71 3.25 1.72 430 0.635 398
5.312 5.82 ,4.54 2.34 723 0.591 632
5.317 6.29 5.!? 2.62 875 0.583 756

US - 1.5e + 1.83 UP KM/SEC (FOR UP FROMI 1.56 TO 2.62 K1i/-EC) [
SIGMA US - 0.053 K1/SEC

( COMMENTS-

I1 SOURCE: COMPILER

L.R.L. EOUATION OF STATE FILE
LAI4CNCE RADIATION LABORATORY. LIVERMORE, CALIFORNIA.

2) EXPI:ERIMENTAL TECHNIQUOE B. (ALUMINUM1 STANDARD BASE PLATE).
DATA REDUCTION TECHNIQUE 9.

3) TiE VALUE OF VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.
CHRISTALLOMRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK. N. Y.. 19631.

141 TiE VALUE OF CO WAS CtLCULATEO FROM DATA LISTED BY W. L. BOND ET AL.
ELASTIC CONSTANTS OF GEI.ANIUM SINOLE CRYSTALS PHYS. REV. LETTERS
VOL. 78 P. 176 (1950).

STITE FOLLOWING CONSTANTS WERE LISTED
CII a 1.M9 MCOABARS
CI2 a 0.486 -

C44 a 0.673 -

5) A DYNAMIC YIELD POINT AT P a 46 KBAR, V/VO - 0.975 AND A DYNAMIC
TRANSITION POINT AT P - 140 KBAR. V/VO - 0.8M HAS BEEN OBSERVED
BY R. A. GRAHAM ET AL.. SANDIA CORPORATION. ALBUOUEREI. HEW MEXICO
(PREPRINT).
PREVIOUS WORK SUOGESTS THAT THE UPPER TRANSITION IS MUE TO MELTING:
TO 180,000 ATMOSPHERES. J. PHYS. CHEM. VOL. 59 P. 1144 t1955)
OR A SOLID-SOLID TRANSITION NEAR THE MELTING POINT REPORTED BY
S. MINOMURA AND H. 0. DRICKAMER, PRESSURE EINOE..O PHASE TRANSITION

U06/1I•,,7
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PAGE '9
IN SILICON, OERMANIUM AND SOME Ill-V COMPOUNDS, J. PHYS. CHEM.
SOLIDS. VOL. e3 P. 451 11952). IS NOT CLEAR.

6) THI EXTRAPOLATED V/VO OF THE TABtE SUGGESTS THAT THE VOLUIE CHANGE
ACCOMPANYING THE UPPER TRANSITION OR TRANSITIONS IS OVER 10 PERCENT.
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m= --- 2

GERMANIUM. SINOLE CRYSTAL.

GE

VO - 0.1869 CCIG
VOI a 0.1878 CC/G

IN TABLE I BELOW, DENSITY IS GIVEN IN 0/CC. VELOCITIES IN KMVSEC. AND
t-) INDICATES ASSIUED VALUES. IN TABLE 11, PRESSURES ARE GIVEN IN
KILOBARS.

TABLE I

RHO0 USI ULP I US? UP2 US3 UP3

5.35 5.63 0.0775
5.35 5.78 0.1296
5.35 5.71 0.14430 3.43 0.1580
5.35 5.79 0.1443' 3.41 O.1620
5.35 5.75 0.I1443o 3.58 0.1700
5.35 5.75 0.1443" 3.54 0.2132
5.35 5.78 0.1443" 3.63 0.3432
5.35 5.79 0.14436 4.13 0.5540
5.35 5.79 0.14430 4.26 0.5778" 1.117 0.6015

US - 3.16 + I.79"UP +OR- 0.09 KM/SEC

TABLE Ii

PI VI/VO P2 V2/vo P3 V3/VO

23.3 0.9864
39.8 0.9778
44 0.9750 46.5 0.9705
44 0.9751 49.0 0.9697
44 0.9749 50.3 0.9675
44 0.9749 58.3 0.9551
44 0.9750 83.5 0.9193i 44 0.975! 146. 0.874•
44 0.9751 140. 0 .87248 12 081

( COIMMENTS:

1) SOURCE: GRAHAM. R. A.. JONES. 0. E. AND HOLLAND. J. R.
JOURNAL OF PHYSICS AND CHEMISTRY OF " lIDS. VOL. V7. P 1519
(1966).

e2 EXPERIMENTAL TECHNIQUE A: SHOCK IELOCITY WAS 6L _RMHINED FROM THE
DEPENDENCE OF CONDUCTIVITY ON TIMlE DURING
SHOCK TRANSIT. PROJECTILE VELOCITY WAS

U06/14/77
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DETERIIINED WITH SHEAR PINS.

DATA REDUCTION TECHNIQUE A

STANDAR• MATERIAL GERMANIUM. ASSUMING UFS -

3) THE 0ERMANIUM CRYSTALS WERE HIGH PURITY, N-TYPE.

4) THE CRYSTALS WERE ORIENTED WITH THEIR FACES PARALLEL TO A till)

CRYSTAL PLANE.
5) THE GERMANI PROJECTILES WERE ACCELERATED BY MEANS OF A COMPRESSED

GAS GUN. THE ANGULAR MISALIGNMENT BETWEEN THE IMPACTING SURFACES IS

APPROXIMATELY 0.0005 RADIANS.

61 FOR PARTICLE VELOCITY IUP) LESS THAN 0.12,6 KM/SEC A SINGLE WAVE IS

OBSERVED AND AT UP a 0. 1580 KM/SEC TWO WAVES ARE OBSERVED. WHEN

UP a 0.6015 KM/SEC A THIRD WAVE APPEARS. THE ASSUMED VALUES OF (UP)

FOR THE FIRST AND SECOND WAVES ARE 0.1443 AND 0.5778 KM/SEC

RESPECTIVELY. THE TRANSITION PRESSURES 44 AND 140 KILOBARS ARE

PROBABLY ACCURATE TO +OR- 10 PERCENT.

"7) VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.

CHRISTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES (DOVER

PLULICATIONS. INC.. NEW YORK, N. Y.. 1963).

(

i(I
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* 25 ---- 3
GERMANIUM

GE
I)

S ('
VO - 0.197B CC/0 CO 3.754 KM'SEC p
Vol - 0.1879 CC/G

IN TIE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOSARS
AND DENSITY IN O/CC.

TABLE

---------------- SAMPLE ------------------- ---- STANOARD-....

RH00 US LIP P Vivo MATERIAL USIST)

5.330 4.=25 0.60 136. 0.8588 202'. AL 6.24
5.330 4.22 0.75 169. 0.8223 2024 AL 6.45
5.311 4.25 0.75 169. 0.8235 202% AL 6.46
5.311 4.14 0.79 174. 0.8092 2024 AL 6.49

( 5.330 4.19 1.05 234. 0.7494 2024 AL 6.84
"5.330 4.16 1.07 Z37. 0.7428 2024 AL 6.96
5.330 4.09 1.07 233. 0.7384 2024 AL 6.86
5.311 4.12 1.09 239. 0.7354 2024 AL 6.87
5.330 4.17 1.23 273. 0.7050 202 AL 7.06
5.311 4.18 1.46 32%. 0.6507 202'. AL .7.36
5.311 4.30 1.47 336. 0.6581 2024 AL 7.38
5.311 4.18 1.50 333. 0.6411 2024 AL 7.40
5.330 4.57 1.59 387. 0.6521 2024 AL 7.60
5.330 4.55 1.60 388. 0.6484 2024 AL 7.60
5.330 4.49 1.61 385. 0.6414 2024 AL 7.61
5.330 4.82 1.75 450. 0.6369 2024 AL 7.85
5.330 4.91 1.79 'tBs. 0.6354 2024 AL 7.92
5.330 5.22 1.95 543. 0.6264 2024 AL 8.17
5.330 5.22 1.96 545. 0.6245 2024 AL 8.19
5.330 5.14 1.07 540. 0.6167 2024 AL 8.19
5.330 5.45 2.09 607. 0.6165 2024. AL 8.43
5.330 5.38 2,11 605. 0.6079 2024 AL 8.41
5.330 5.77 2.35 661. 0.6Z74 2024 AL 8.55
5.330 5.68 2.16 654. 0.697 2024. AL 8.55
5.330 5.72 2.36 659. .0.8224 2024 AL 9.55
5.330 5.73 2.19 60g. 0.6•716 2024 AL 8.59
5.330 5.72 2.240 683. 0.6084 2024 AL 8.66
5.330 5.50 2.25 660. 0.5909 2024 AL 8.61
5.330 5.39 2.27 652. 0.5788 2024 AL 8.61
5.330 5.55 2.27 684. 0.5962 2024 AL 8.68
5.330 6.07 2.40 776. 0.6046 2024 AL 8.93
5.330 6.12 2.41 786, 0.6082 2024 AL 8.96C,5.330 5.97 20.64 840. 0.5578 2*024 AL 6.99
5.330 5.93 2.47 778. 0-5621 2024 AL 8.99
5.330 6.18 8.46 814. 0.5974 202% AL 9.05
9.330 6.06 2.56 617. 0.5776 2024 AL 9.13
5.330 6.20 2.56 848. 0.5871 a024 AL 9.17
5.330 6.39 8.57 940. 0.5849 2024 AL 9.17
5.330 6.10 8.56 839. 0.5770 2024 AL 9.16

UO6/14/77
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* GERMANIUM3

RHOO US UP P V/VO MATERIAL US(ST)

5.330 6.37 2.60 883. 0.5918 2`02' AL 9.25
5.330 6.39 2.61 889. 0.5915 2024 AL 9.27
5.330 6.36 2.66 902. 0.5918 2024 AL 9.3?
5.330 6.32 2.17 731. 0.6566 2024 AL 9.37
5.330 6.52 2.74. 95,. 0.5798 2a04 AL 9.46
5.330 6.56 2.94 1029. 0.5519 2024 AL 9.7a
5.330 6.92 3.01 1110. 0.5650 2024. AL 9.89
5.330 6.96 3.04 1129. 0.5632 202' AL 9.94
5.330 6.71 3.12 1116. 0.5350 2024 AL 9.99
5.330 6.91 3.19 1175. 0.53e4 2024 AL 10.11

US - 0.26:. * 3.27'UP - 0.371IUP-2 KM/SEC FOR IP ABOVE 1.5 1(1/SEC
SIG US - 0.19 1/SEC

COMMENTS:

( 1) SOURCE: MCQUEEN, R.G., MARSH. S.P., TAYLOR, J.1W., FRITZ. J.M..
AND CARTER. W.,J.

THE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA. KINSLOt, (EO.) (ACADEMIC
PRESS. NEW YORK. 19701 CHAPTER VII

2) EXPERIMENTAL TECHNIOUE: 8
DATA REDUCTION TECH-NIOIUE: 8

3) VOI FROM WYCKOFF. CRYSTAL STRUCTURES (JOHN WILEY. N.Y.. 1963) VOL I.
4) CO WAS CALCULATED FROM CII - 12.1528 +II DYNES/CM*2

C12 a 4.89-595Ejli OYNES/CM**2
C4t4 - 6.680E+11 OYNESYCM-2

MC SKIMIN AND ANOFEATCH. J. APL. PHYS. V. 34. P. 651. 01963).
5) HUGONIOT ELASTIC LIMIT 52.. 40.. 37. KBAR (100. 114. 111 DIRECTIONS)

II!
II
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26 --- -O
T IN SUIflARY

SN 99.8 PERCENT

VC - 0,01374 CC/G CO a P.674 KM/SEC

V- 0.T13'72 CC/G C9 - 2.76 KM/SEC

THE TABLE BE:LO LISTS THE HUGONIOT POINTS CALCULATED FROM THE US VS UP

FITS GIVEN. VELOCITIES ARE IN KM/SEC, DENSITY IN O/CC, PRESSURE IN KBAR

AND ENERGY DIFFERENCE IN KBAR.CC/O.

TABLE

FIT RHO0 US UP P V/VO E-EO

1 7.28 3.44 0.6 150 0.826 1.80
I - 4.08 1.0 297 0.755 5.00
I - 4.87 1.5 532 0.692 11.25
I - 5.67 2.0 825 0.647 20.0

2 - 6.27 2.4 1096 0.618 28.8
2 - 7.01 3.0 1530 0.572 45.0

2 - 7.61 3.5 1940 0.540 61.2
2 8.22 4.0 2395 0.514 80.0
2 - 8.83 4.5 2894 0.491 101.2
2 - 9.08 4.7 3106 0.482 110.5

US - 2.49 + I.59,UP, SIG.US - O.u4 KM/SEC (FIT I1)

FOR UP BETWEEN 0.6 AND 2.2 KM/SEC

US a 3.35 + 1.2199UP. SIG.US " 0.05 KM/SEC IFIT 2)
FOR UP BETWEEN 2.2 AND 4.7 KM/SEC

COMMENTS:

I) SOURCE: COMPILER.
IA) THE DATA OF MATERIALS 26---1.2 AND 3 WERE USED FOR THiS SUMMARY.

THE DATA OF 26---3 TABLE 11 AND 26---4 AGREE WITH THE OTHER DATA

BUT DO NOT IMPROVE THE ACCURACY.
21 THE CRYSTAL DENSITY UPS OBTAINED FROM THE AM. INST. OF PHYS. HANDBOOK

(MCGRAW-HILL BOOK CO INC. 1963 ) 2ND. ED.
3) CO AND C8 ARE VALUES USED ON PAGES 26---2 AND 3.

U05/1I4/77
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TIN

SN 99.8 PER CENT OR GREATER I
VO * 0.1374 CC/G. CL - 3.32 KM/SEC. CO 2 2.70 KM/SEC.
VOI - 0.1370 CC/G. CS - 1.67 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KILOBARS. AND DENSITY IN G/CC.

TABLE

fI.=0 US UFS UP P V/VO

7.28 4.555 2.704 1.?90 427.8 0.7168
- 4.435 2.539 1.190 384.2 0.7317
- 4.004 1.912 0.925 269.6 0.7690
- 3.557 1.486 0.705 182.6 0.80!8
- 3.524 1.364 0.670 171.9 0.8098

SUS , 2.378 + 1.712 IP KM/SEC SIGMA US - 0.9 PERCENT

COMMENTS:

i) SOURCE: WALSH. J. M.. RICE. M. H.. MCOUElEN, R. 0. AND YARGER. F. L.
"PHYS. REV.. VOL. 108. P. 169 FF. (19571
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

)2 EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHIQUIY.E B
STANDARD MATERIAL 24ST ALUMIMJM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND AP•ROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

r 4) IMPURITIES HERE MEASURED BY SPECTROCHEMICAL ANALYSIS
5, CL AND CS WERE OBTAINED FROM L. BERGMAN. DE ULTRSCHALL.

S. HIRZEL VERLAG. STUTTGART. 1954. 6TH ED.. P. 650
6) VOI WAS TAKEN FROM THE A. I. P. HANDBOOK (HCGRAW HILL BOOK CO.)

M ED.

It

I U06/ 14iJT"



TABLE I
TIN
26---1

5

xx

4 x

3

2

0
= 1

-I I

0n-3 -'

.-, - - -,
S~~-4 ... ,.

UP



PAGE 56

TIN

V0 a, 0,13"74 CC/0,

VOI& 0.137ZE CCtCm - 2.76 KMISEC.

IN THE TABLE BELON, VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

'I

TABLE

RHO0 US UP P V/VO PRESSUIRE IN
BRASS STANDARD

"7.29 5.59 1.94 79Z 0.652 931
- 5.55 1.95 789 0.648 931
- 5.57 1.95 790 0.651 931
- 6.71 2-80 1364 0.583 156
- 6.80 2.79 1377 0.591 1587S- 6.75 2.81 1378 0.584 1599

US= 2.64 * 1.476 UP KM/SEC. SIGMA US = 0.94 PERCENT

COMMENTS:

1) SOURCE: MCQUEEN. R.G. AND MARSH, S.P.
J. APPL. PHYS., VOL. 31. P. 1253 119601
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS, N. HEX.

2) EXPERIMENTAL TECHIQJIUE 9
DATA REDUCTION TECHNIOQUE
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) VOl WAS TAKEN FROM THE AM. INST. OF PHYS. HANO0OK I(MCGRAW-HILL BOOK

CO.. N.Y.. 19631 2ND ED.

0-
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26 S--- 3

TIN

SN

(.
V9 - 0.1374 CC/O. CO • 2.674 KV/SEC

V01., 0.1372 CC/0.

IN THE TABLES BELOW. VELOCITIES ARE GIVEN IN KMSEC.. PRESSURE IN
KILOBARS AND DENSITY IN O/CC. ST DESICNATES THE STANDARD MATERIAL USED
AS SAMPLE HOLDER IN TABLE I AND AS STRIKER OR PROJECTILE PLATE IN TABLE
II. HERE U(ST) IS TOTAL VELOCITY BEFORE IMPACT.

TABLE I

SAMPLE - ------ H-OLDER - - -

RHO0 US UP P V/VO ST UrS(ST) UP(ST)

"7.28 4.20 1.08 330 0,7407 FE 5.30 0.95
- 6.36 2.46 1139 0,6131 FE 7.53 2.2'
- 9.02 4.65 3053 0.4845 FE 10.67* 4.260

US

. ;TABLE II

SSAMPLE -- ------ STRIKER

RHOO US UP P V/VO ST U(ST)

S7.28 5.99 2.15 938 0.6410 AL 5.60
- 7.22 3.06 1608 0.5764 FE 5.60
- 9.50 4.97 3437 0,4769 FE 9.10
- 12.98 7.96 7520 0.3868 FE 14.68

LUS - 2.730 + I.W-'IUP - 0.030UP'02. SIG.US - 0.14 KMtSEC.
OR US - 3.203 * 1.248'UP SIO.US - 0.21 KM/SEC.

Il

COMMENTS:

I1 SOURCE: AL'TSHULER. LV.. SAKANOVA. A.A. AND TRUNIN. R.F.

SOVIET PHYS.-JETP. VOL. It. P. 65 (1692).
J. EXPTL. THEOP1t. PHYS. IUSSR) VOL. 42. P. 91. (196e)

a2 EXPERIMENTAL TECHNIQUIE A
DATA RED)UCTION TECHNIQUE B

31 TABLE I IS CORRECTED DATA 14HI4CH FIRST APPEARED IN THE SOVIET
PHYS.-,:TP. VOL. 3,. P. 614 (ISM). THE a VALUES WERE OBTAINED FROM
THE IRON STRIKER VELOCITY OF 8.64 KM/SEC.

41 THE INACCURACY IN THE 0EtRtINATION OF US IN TABLE II TO PRESSURES OF
41137 KILOBARS DID NOT EXCEED 1.0 PERCENT. EACH POINT IS THE AVERAOE

Uo6, 14/"7
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OF 4 TO 6 EXPERIMENTS:
5) THE UNCERTAINTY OF THE MEASURED VALUES IN THE LAST TABLE ENTRY ARE:

I PERCENT IN US, OBTAINED FROII 6-S EXPERIHENTS AND 1 .5 PERCENT IN
U(ST) OBTAINED FROM 12 EXPERIMENTS.

6) VOI WAS CALCULATED FROM THE TETRAGONAL UNIT CELL CONSTANTS

A - 5.81970 KX AND C a 3.17488 KX
AMERICAN INSTITUTE OF PHYSICS HANDBOOK (MCGRAW-HILL BOOK CO.. N.Y.,
1953) 2N CO:.

"7) CO IS GIVEN BY: K. H. SCIRAMtI, Z. tETALKUNOE VOL. 53, P. 729 (196W)

(

I]I
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"TIN

SN

(
VO - 0.1368-0.1390 CC/G
VOI , 0.1372 CC/O

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC., PRESSURE IN
KILOSARS AND DENSITY IN O/CC.

TABLE

------------ SAMPLE.-----------------STANOARO--

R300 US UP P V/VO UFS i

7.30- 4.401 1.330 427 0.698 3.290
7.30 4.425 1.291 417 0.708 3.220
7.31 4.484 1.271 417 0.716 3.200
7.31 4.500 1.270 418 0.718 3.200
7.31 4.405 1.236 398 0.719 3.095
7.31 4.359 1.251 399 0.713 3.110
7.31 4.433 1.213 393 0.726 3.050
7.31 4.488 1.195 392 0.734 3.025
7.27 4.265 1.200 372 0.719 2.960
7.27 4.181 1.204 366 0.712 2.940
7.31 4.344 1.126 358 0.741 2.830
7.31 4.359 1.144 385 0.738 2.800
7.30 4.149 1.175 356 0.716 2.8715
7.30 4.132 1.182 357 0,713 2.890
7.31 3.980 0.983 6 0.753 2.415
7.31 4.042 0.990 292 0.755 2.440
7.31 4.055 0.968 288 0.762 2.400
7.31 4.032 0.953 283 0.761 2.360
7.31 4.023 0.9'73 295 0.757 2.400
7.31 4.010 0.973 296 0.759 2.400
7.31 3.931 0.969 280 0,745 2.400
7.31 3.873 0.983 278 0.750 2.400
7.31 3.184 0.975 277 0.749 2.385
7.31 3.796 0.971 269 0.744 2.335
7.31 3.965 0.948 246 0.796 e.115
7.31 3.971 0.862 250 0.782 2.145
7.31 3.824 0.804 2215 0.790 1.95
7.31 3.779 0.919 Z26 0.783 2.000
7.31 3.791 0.735 204 0.806 1.830
7.31 3.837 0,739 207 0.807 1.840
7.31 3.759 0.720 199 0.908 1.780

f 7.31 3.791 0.7a2 P00 0.810 1.795
7.31 3.492 0.686 175 0.904 1.640
7.31 3.484 0.686 175 0.603 1.640
7.31 3. 74 0.497 119 0.,48 1.195
7.31 3.222 0.490 117.5 0.645 1.190

US a 2.66.* 1.311*UP KM/SEC.
$10 US - 0.11

U. ./1.4/77
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COMIENTS:

I) SOURCE: BEROER J. AND FAUGUIGNON C. SEbA F

( 2) EXI•RIHENTAL TECHNIOUEPRIVATE COtKUNICATION (1964), 9.P. . "/,SERN FRANCE

21 EXPERIMENTAL TECHIQIIUE 8
DATA REDUCTION TECHNIOUE B

STANDARD MATERIAL ALUMINUM AU4O ALLOY

31 Vol WAS DETERMINED FROM THE TETRAGONAL UNIT CELL CONSTANTS

A a 5.81970 KX AND C . 3.17488 KX

CRYSTAL DATA DETERMINATIVE TABLES (AMERICAN CRYSTALLOGRAPHIC

ASSOCIATION. 1963) 2WN ED.

(

*1i
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PAGE 62
e7---0
LEAD. 5SU.,RY

pg F 9

VO a 0.088O CC/0 CL - 2.16 KM/SEC CO - 2.00 K4/SEC
Vol 0.08818 CC/G CS a 0.70 K1/SEC CO- 2.00 Ko/SEC

THE TABLE LISTS HUGONIOT POINTS OBTAINED FROM THE LISTED US VS. UP FITS.
DENSITY IS IN G/CC. VELOCITIES IN KM/SEC. PRESSUSRE IN KeAR AND ENER•Y
DIFFERENCE IN KISAR.CC/G. THE FIRST 8 ENTRIES ARE FROM 27---8. EL a

ELASTIC LIMIT.

TABLE

FIT RHO0 US UP P V/VO E-EO COMMENTS

11.34 2.3 .00093 0.24 0.9996 0.0004 IST WAVE EL

- 1.90 .0193 4.20 0.9901 0.0021 2ND -

- 1.95 .02 6.28 0.9853 0.0041 - -

- 2.08 .0500 11.82 0.9736 0.0124 - -
- 2.15 .1146 27.95 0.9466 0.0657 -
- 2.26 .1834 47.24 0.9191 0. 1682 IST
- 2.37 .2546 68.55 0.8926 0.32% - -

- 2.44 .2822 78.12 0.8842 0.398 -

I - 2.4667 .3 83.9 0.8784 45 - -

I - 2.929 .6 199.3 0.7951 1.80 -

I - 3.544 1.0 402 0.7278 5.0 - -

I - 4.313 1.5 733 0.6522 11.2 - -

I ( - 5.082 2.0 1152 0.6064 20.0 - -

2 - 5.364 2.2 1338 0.5898 24.2 - -

2 - 6.363 3.0 2165 0.5285 45.0 - -

2 - 7.613 4.0 3453 0.4746 80.0 - -

2 - 8.862 5.0 5024 0.4358 125.0 - -

2 - o0.1I 6.0 :7:9 0.4066 180.0 - -

2 - 11.36 7.0 9017 0.3838 245.0 - -

US - 2.006 + 1.5386UP KM/S4EC (FIT 1);

SlO US * 0.014 KISEC
US - 2.616 + 1.2:9 10UP KM/SEC IFIT a)
SIG US - O.05P IOUSEC

COMMENTS

t - 1) SOURCE: COMPILER

IA) THE FITS WERE N" FrPY THE DATA OF 27---i.2.4 AND 7. THE LOW
PRESS.URE DATA LISM104 VN --- 81, WERE TRANSFERRED DIRECTLY WITHOUT
INCLUDIN THE R.A.CULATED US A1j UP POINTS IN THE FIT.

,) FIT I AGREES EShTIALLY UITH TIHE DATA OF PAGE 27---8 ABOVE 20 KBAR

BUT THE LOWEST POINTS SJOE.ST A LOWER INTERCEPT. THEIR UP VALUES

r-S .14-77



PAGE 82
HAVE BEEN SLIGHTLY READJUSTED TO YIELD THE PROPER VALUE Or P IN A
SIMPLE TWO-STEP PROCESS(SEE COMMENTS OF 27---8).

3) DATA OF' 27---3 ARE IN NREATER DISAGREEMENT, WHILE US UP VALUES OF
2"7---6 ARE CALCULATED POINTS.

(

(

C>

U06/14/77
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PAGE 6327 --- | I
LEAD

PB 99.9 PER CENT OR GREATER

VO - 0.0892 CC/G CL a 2.16 KII/SEC. CO 2 1.00 K1/SEC.
Vol - 0.0881 CC/G CS - 0.70 KM/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN Pi/IICROSEC.
PRESSURE IN KILOBARS, AND DENSITY IN G/CC.

TABLE

RHOO US UFS UP P VfVO

11.34 2.914 1.230 0.590 194.8 0.J775
- 3.268 1.745 0.819 303.2 0.7494
- 3.250 1.731 0.802 295.3 0.7532
- 3.724 2.420 1.118 471.7 0.6999

US - 2.092 1 1.452 UP KM/SEC SI GMA US - 0.4 PERCENT( ,

COMMENTS:

I) SOURCE: WALSH, J. H.. RICE. M. H.. MCQUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (19573
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE B.
DATA REDUCTION TECHNIOUE 8.
STANDARD MATERIAL 24ST ALUMINUM.

3) IMPURITIES WERE MEASURED BY SPECTROCHEM!CAL ANALYSIS.
41 CL AND CS VALUES W'ERE OBTAINED FROM L. BERCUMANI, DER ULTRASCHALL.

S. HIRZEL VERLAG. STUTTGART. 1954. 6TH ED.. P. 650
5) THE PROBABLE ERROR PER DATA POINT.IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A OIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

L 1# I%177
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LEAD

P13

(
VO - 0.0982 CC/G C8 = 2.02 KM/SEC
VOal 0.0861 CC/0

IN THE TABLE BELOW. VELOCITIES ARE OIVEN IN MM/MICROSEC..

PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO PRESSURE IN
BRASS STANDARD

11.34 I 4.52 1.64 838 0.638 842
4.52 1.64 837 0.638 842

- 5.44 2.25 1388 0.587 1354
- 5.42 2.-M 1383 0.585 1352

SUS " 2.028 + 1.517 UP KM/SEC. SIGMA US - 0.11 PERCENT

COMMENTS:

1) SOURCE: MCOUEEN, R.G'. AND MARSH. S.P.
J. APPL. PHYS.. VOL. 31. P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. 0-4X-6, LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE 8
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4' 4) VOI WAS TAKEN FROM THE A. I. P. i-LANOBOOK 1MCGRAW HILL BOOK CO.)i 2ND ED.

%
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E7--3

LEAD
4

pe

Vo- 0.0882 CC/O.
V01 -0.0862 CC/G. CS 2 .00 KM/SEC.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN KMl/SEC..
PRESSURE IN KILOBARS AND DENSITY IN 0/CC.

TABLE

R.O0 US UP P V/VO

11.34 3.5i, 0.97 390 0.725
- 5.33 2.34 1410 0.562
- 7.65 4.26 3700 0.442

US 2.30 I.2•UP KM/SEC.

COMIMNTS:

I) SOURCE: AL*TSHULER, L. V.. KRUPN!KOV, K. K. AND BRAZHNIK. M. 1.
SOVIET PHYS.-TETP, VOL. 7. P. 614, (1%q5)

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL FE.

3) CS IS CALCULATED USING THE VOLUME COMPRESSION COEFFICIENT TAKEN FROM
P. H. BRIDGMAN. THE PHYSICS OF HIGH PRESSURE, (G. BELL AND SONS LTD.

LONDON 1959)
4) VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK

(MCGRAW-HILL BOOK CO. 19631 2ND ED.

5) THE SPECIMEN WITH A THICKNESS BETWEEN 6-8Mt. WAS ATTACHED TO AN IRON
PLATE OF COMPARABLE THICKNESS 6-9W1.

p

I
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27---4
LEAD

P9

( ,
VO -0.089m CV,'.
Vol 0.0881 CC/G.-

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC., PRESSURE IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL USED
AS STRIKER PLATE. U(ST) IS THE STRIKER VELOCITY BEFORE IMPACT.

TABLE

14OO US UP P V'VO ST U(ST)

11.34 4.92 1.88 1049 0.6180 AL 5.60
- 6.07 2.76 1900 0.5453 FE 5.60
- 7.74 4.18 3669 0.4600 FE 8.64
- 8.26 4.45 4170 0.4613 FE 9.10
- 11.36 7.U0 9150 0.3"750 FE 14.68

US - 2.58 ' 1.26 UP FOR UP BETWEEN 1.88 TO 7.00 KM/SEC.
SIGMA US - 0.08 KM/SEC.

COMMENTS.

1i SOURCE: AL'TSHULER, L.V.. KORMER. S.B., BAKANOVA. A.A.
AND TRUNIN. R.F.
SOVIET PHYS-JETP, VOL. It. PAGE 573 (1960)
AL*TSHJLER. L. V. ET AL
SOVIET PHYS.-JETP. VrL. 15. P. 65 (19621

21 EXPEIMENTAL. TECHNIGUE A
DATA REDUCTION TECHNIQUE A

3) THE PRESSURES WERE PRODUCED BY AN EXPLOSIVELY ACCELERATED ALUMINUM
OR STEEL PLATE AS INDICATED IN COLUMN 6.

4) THE INACCURACY IN THE DETERMINATION OF US AND UP FOR PRESSURES TO
4187 KILOARS DID NOT EXCEED 1.0 PERCENT. EACH POINT IS THE AVERAGE
OF 4 TO 6 EXPERIMENTS.

52 THE U UNCERTAINTY OF THE VALUES IN THE LAST TABLE ENTRY ARE:
I PERCENT IN US OBTAINED FROM 6-8 EXPERIMENTS AND 1.5 PERCENT IN
U(STI OBTAINED FROM 12 EXPERIMENTS.

6) VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK
(MCORAM-HILL BOOK CO. 1963) 2ND ED.
THE COAMSPONOING LATTICE PARAMETERS FOR THE FACE CENTERED CUBIC CELL
IS 4.9495 ANGSTROMS.

05 14
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LEAD POROUS PAGE I

PS 99.5 PERCENT
AVERAGE GRAIN SIZE IS 8 MICRONS

VOl - 0.08918 CC0',
VO - i•/RHOO SEE TABLE

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURES IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL AND
THE MATERIAL OF TIE STRIKER PLATE. U(ST) IS THE STRIKER VELOCITY BEFORE
IMPACT. ST LABELS THE HUGONIOT VARIABLES OF THE IRON SAMPLE HOLDER.

TABLE

- ------------ - SAMPLE -..... . .-- DRIVER SYSTEM ----

RHOO US UP SIGMA P V/VO ST U(ST) US(ST) UP(ST) P(ST)
us

S6.79 7.79 4.995 .04 2642 .5988 FE 8.64 10.67 4.26 3568
6.79 12.74 8.439 .16 7300 .5637 FE 15.45

LIS
i!

COMMENTS:

1) SOURCE: KORMER, S.9.. FUNTIKOV. A.L.. URLIN. V.O.
AND KOLESNIKOVA. A.N.
SOVIET PHYS.-JETP. VOL. 15, P. 477 (1962)

2) EXPERIMENTAL TECHNIOUE A
DATA REDUCTION TECHNIOUE 8

3) US IS THE AVERAGE OETERMINATION TAKEN FROM 4-8 EXPERIMENTS. EACH
CONSISTING OF 4-6 READINGS.

4) VOl HAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE

CHEMICAL RUBBER PUBLISHING CO.. CLEVELAND. OHIO. 1962-1963) 44TH ED.

U061 14/77
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17---6PAGE 68' 27 --- 6

LEAD

Pe

Vo a 0.0886 O/CC.
Vol = 0.08018 G/CC.

THE TABLE BELOW GIVE THE VELOCITIES OF RELAXATION WAVIES. C. AT VARIOUS
PRESSURES. THE HUGONIOT STATE THE RELAXATION WAVE TRAVELS THROUGH IS
"GIVEN BY US. LIP. P. OR V/V0. DENSITY IS GIVEN IN 0/CC.. VELOCITY IN
KM/SEC. AND PRESSURE IN KILOBARS. ST DESIGNATES THE MATERIAL OF THE
STRIKER PLATE, U(ST) IS THE VELOCITY BEFORE IMPACT AND US(ST) IS THE
SHOCK VELOCITY IN THE PLATE AFTER IMPACT.

TABLE

SOUND VELOCITY
PARALLEL TO SHOCK DIRECTION

--- HUGONIOT STATE -------- -- DRIVER SYSTEM--
RHO0 us UP P V/Vo C ST U4ST) US(ST)'

11.3'4 4.91 1.89 1052 0.6150 AL 5.60 10.34,
- 4.16 1.20 656 0.6658 4.2'. AL 5.60 10.34
- 3.72 1.10 464 0.7042 3.85 AL 5.60 10.3
- 6.17 2.82 1973 0.5429 FE 5.71 8.61
- 5.53 2.34 1467 0.5767 5.16 FE 5.71 8.61
- 4.83 1.84 1008 0.6188 4.62 FE 5.71 8.61
- 4.41 1.56 780 0.6472 4.29 FE 5.71 8.61
- 7.92 4.29 3850 0.4593 6.56 FE

( - 7.01 3.51 1795 0.4993 5.9 FE

US"

COMMENTS:

11 SOURCE: AL'TSHULER. L. V.. KORMER. S. B.. BRAZHNIK, N. I..
VLADIMIROV. L. A. AND FUNTIKOV. A. 1.
SOVIET PHYS.-,ETP, VOL.11. P. 766 11960)

2) EXPERIMENTAL TECHNIOUE A WAS USED FOR THE FIRST THREE ENTRIES.
FOR ALL OTHER ENTRIES THE EXPERIMENTAL TECHNIOUE 8 WAS USED. THE
HUGONIOT STATE WAS DETERMINED FROM ONE MEASURED PARAMETER AND THE
KNOWN EQUATION OF STATE. AL'TSHULER ET AL. SOVIET PHYS-JETP. VOL. It.
P. 573 (1960).

3) THE SOUND VELOCITY WAS DETERMINED FROM THE ATTENUATION IN THE MEAS-
URED SHOCK OR FREE SURFACE VELOCITY PRODUCED BY THE RMWEFACTION WAVE
ORIGINATING AT THE REAR SURFACE OF THE STRIKER PLATE.

4) VOl WAS OBTAINED FROM THIE HANDBOOK OF CHEMISTRY AND PIMYSICS ITHC
CHEMICAL RUBBER PUBLISHING CO.. CLEVELAND. OHI.1 1962-1953) YTH ED.

U015/14/77
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LEAD

( *

VO 0.0,O811 CC/0
Vol -0.0881"/6 CC/6

1N THE TABLE BELOW. DENSITY IS GIVEN IN 0/CC, VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHOO US UJFS UP P V/VO MATERIAL PRESSURE

11.35 4.66 3.77 1.7'4 920 0.61 AL 618
11.35 2.91 1.22 0.59 195 0.797 AL 146
11.35 3.70 2.30 1.09 457 0.705 AL 324
11.35 2.63 0.82 0.40 120 0.848 BRASS 133( 11.34 2.45 0.61 0.30 83 0.879 BRASS 95

US 2 1.01 * 1.53 UP KM/SEC
SIGMA US - 0.019 KM/SEC

COMMENTS:

1) SOURCE: COMPILERL.R.L. EQUATION OF STATE FILE

LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.
2) EXPERIMENTAL TECHNIQUE S.I DATA REDUCTION TECHNIQUE B.
3) THE VALUE OF VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.

CRYSTALLOGRAPHIC DATA ON METAL AND ALLOt STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK, N. Y.. 1963).

1
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27 --- 8 ,
LEAD

CU. FE. ZN. 8I, AG AND OTHERS LESS THAN 0.082 1T PERCENT
peREMA INDER -

VO - 0.0807 0/CC CO 1.972 KM/SEC.
VOl. 0.0816 G/CC

THE TABLE LISTS ALL THE PRESSURES AND COMPRESSIONS OF THE MULTIPLE HAVE
SYSTEMS USED IN THE DATA ANALYSIS OF THESE RELATIVELY BROAD SHOCK WAVES,
TOGETHER WITH THE HYDROSTATIC PRESSURE (PH) AND THE APPROXIMATE USI AND
UPI VALUES CALCULATED FROM THEM. DENSITY IS IN G/CC, VELOCITIES IN
KH/SEC AND PRESSURE OR STRESS IN KBARS. NO a EXPERIMENT NMUBER. I INDI-
CATES THE IST. 2ND. 3RD ETC. WAVE OF THE SYSTEM. U - PROJECTILE VELOCITY
AND MAT IS THE PROJECTILE MATERIAL.

TABLE

U RHOO us UP P V/VO I PH MAT

.0401 "11.355 2.3 0.00093 .25 0.9996 1 PB
1.94 0.0092 2.08 0.9953 2
1.85 0.0179 3.90 0.9906 3
2. 0.0191 4.20 0.9901 4 4.15

.0599 2.3 0.00091 0.24 0.9996 I
1.96 0.0089 2.01 0.9955 2
1.95 0.0190 4.23 6.9903 3
1.91 0.0285 6.28 0.9853 4 6.22

.1264 - 2.08 0.0438 10.13 0.9785 1
1.76 0.0523 11.82 0.9736 2 11.75 -

.3025 - 2.15 0.1146 27.95 0.9466 1 27.96 AL 6061-T6

.5020 - 2.26 0.1834 47.24 0.9191 1 47.13 -

.4270 - 2.37 0.2546 68.55 0.8926 1 69.42 NI

.4940 - 2.44 0.2822 78.12 0.8942 1 77.99

US - SEE COMMENT 3

C COMMENTS

1) SOURCEs MUNSON. 0. E. AND dARKER, L. M.
J. APPL. PHYS.. VOL. 37, P. 16W2. (1966)
SANDIA CORPORATION, ALBUOUEROUE. NEW MEXICO.

21 EXPERIMENTAL TECHNIOUC F
DATA REDUCTION METHOD 0 WITH 2UP a UFS

U06114/77



PAGE 71

WITH THE HODIFICATION THAT A SMOOTH BROAD WAVE
IS APPROXIMATED BY A SET OF DISCREET PRESSURE STEPS. THE SHOCK VELO-
CITY MEASUREMENTS WERE CORRECTED FOR ERRORS INTRODUCED BY SURFACE
INTERACT IONS.

3) NOTE THAT USI AND UPI ARE ONLY APPROXIMATE NUMBERS CALCULATED FROM
THE P! AND VI/VO VALUES TO ILLUSTRATE THE WAVE THICKNESS. IN THE
FIT BELOW US IS OBTAINED FROM THE MAXIIMUM VALUE OF PH OF THE PARIICU-
LAR 14AVE SYSTEM AND THE CORRESPONDING VALUE OF VI. USING THE EQUALITY
US a VO(PH1(VO-VI))-,1/2. WHILE UP WAS TAKEN TO BE 1I1 THE MAXIMUM
FREE SURFACE VELOCITY. THESE POINTS ARE COMBINED WITH DATA FROM LOS-
ALAMOS SCIENTIFIC LABORATORY TO GIVE:

US - 1.95+ I.r62"UP KM/SEC. UP FROM 0 TO 2.3 KM/SEC.
MAX. DEVIATION 3.4 PERCENT

4) PH o PI - 2/30Y, WHERE THE YIELD POINT Y IS A FUNCTION OF THE DEGREE
OF WOW HARDENING.

51 VOl WAS CALCULATED FROM THE CLUIC UNIT CELL CONSTANT GIVEN IN
WYCKOFF, CRYSTAL STRUCTURES I lNTERSCIENCE PUBLISHERS, NEW YORK, 19632
A a 4.9505 ANGSTROM.
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29--- I

ALUM INUM

AL

(
VO - 0.370 CC/G CL a 6.260 KM/SEC
VOl - 0.370 CC/G CS a 3.080 Ki/SEC

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC, VELOCITIES IN 1t1/MICRO-
SEC. AND PRESSURE IN KILOBARS.

TABLE

Rt-O0 US LIP P V/VO

2.70 8.74 2.70 640 .691
- 9.20 2.58 641 .719

- 9.48 2.60 665 ,726

- 10.14 3.53 974 .652
- 10.04 3.58 977 .643

S- 10.24 3.45 958 .606
- 10.67 3.56 1030 .665
- 11.95 5.13 1650 .571
- 13.09 6.38 2250 .513

- 13.26 6.73 2410 .493
- 13.67 7.02 2590 .487

US - 5.38 + 1.337UP MM!MICROSEC FOR UP LESS THAN 3.24.
US - 5.38 * i.337UP - 0.0830(UP - 3.2')**2 MM/MICROSEC

FOR UP GREATER THAN 3.2'.

'4 .COMMENTS:

I) SOURCE: SKIDMORE. I.C. AND MORRIS. E.
THERMODYNAMICS OF NUCLEAR MATERIALS. P. 173 FF. (19621S~INTERN. AT. ENERGY AGENCY, VIENNA

ATOMIC WEAPONS RESEARCH ESTABLISH-MENT. ALDERMASTON. ENGLAND
S21 EXPERIMENTAL TECHNIOUE A
j DATA REDUCTION TECHN!CUJE A AND B

THE SAMPLES WERE POSITIONED ON A TARGET PLATE OF STEEL IITRL. 41---2)
AND THE PRESSURE WAS PRODUCED BY AN EXPLOSIVELY ACCELERATED PLATE OF
STEEL.

31 THE VELOCITY OF THE FLYING PLATE AND THE SHOCK AND SURFACE VELOCITY
OF THE TAROET PLATE WERE MEASURED AS NELL AS THE SAMPLE SURFACE AND

SHOCK VELOCITIES.
4) DATA SCATTER WAS ABOUT 0.03 MICROSEC.A c 51 CORRECTIONS WERE MADE FOR FLYING PLATE CURVATURE OF UP 10 I HICROSEC.
61 THE HIGHER PRESSURES WERE OBTAINED BY A SPHERICALLY CONVERGING

SYSTEM. :1
"7/ CL AND CS FROM L. BEROMAN: OCR ULTRASCHALL. S. HIRZEL VERLAG, STUTT-

GART. (1954).

U061 14/77 L
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29 -- 2

ALUMINUM

AL 97.9 PERCENT

MG 1.0 PERCENT
Sl 0.6 PERCENT
CU 0.25 PERCENT
CR 0.25 PERCENT

VO - 0.3707 CC/O.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KBARS AND DENSITY IN G/CC. 0 IS SAIPLE THICKNESS IN MtM.
PFOJ. DESIGNATES THE PROJECTILE MATERIAL: ALUMINUMIAL) OR 4340 STEEL(FE)

TABLE. I

NO RHO0 USI UPI UVFSI US2 UP2 UFSE 0

1 2.698 5.99 0.010 0.021 2.5
2 - 6.09 0.014 0.030 2.5
3 - 6.05 0.026 0.054 1.25
4 - 5.84 0.031 0.063 1.25
5 - 6.02 0.031 0.064 2.5
6 - 6.23 0.038 0.075 2.5
"7 - 6.23 5.47 0.043 0.087 2.5
a - 6.27 5.87 0.044 0.086 2.5
9 - 5.21 5.60 0.046 0.088 1.25
10 - 6.49 5.78 0.047 0.089 2.5
11 - 6.33 5.36 0.060 0,118 1.25

( 12 - 6.19 5.36 0.063 0.118 2.5
13 - 6.39 5.32 0.074 0.135 1.25
14 - 6.39 5.53 0.074 0.129 2.5
15 - 6.31 5.42 0.075 0.131 2.5
26 - 6.23 5.48 0.075 0.126 2.5
1 27 - 6.31 5.50 0.088 0.152 2.5
i9 - 6.28 5.40 0.088 0.155 2.5
19 - 6.34 5.50 0.092 0.173 1.25
20 - 6.54 5.51 0.092 0.169 1.25

21 - 6.18 5.2B 0.097 0.181 1.25
22 - 6.51 5.59 0.102 0.162 2.5
23 - 6.20 5.34 0.102 0.187 1.25
21. - 5.96 5.25 0.:16 0.217 1.25
25 - 6.30 5.47 0.116 0.186 2.5

26 6.23 5.37 0.1il 0.213 2.5
27 6.23 5.36 0.122 0.232 1.25
28 6.14 5.25 O.123 0.235 1.25

29 - 6.25 5.42 0.130 0.229 2.5
30 6.22 5.36 0.136 0.258 M 1.2 :1
31 6.33 5.42 0.136 0.R'44 2.5
32 - 6.35 5.47 0.141 0.245 2.5 U

r 33 - 6.38 5.48 0.145 0.25? 2.5
34 - 6.36 5.47 0.10'4 o.MI 2.5
35 - 6.26 5.49 0.166 0.317 2.25I

U06/14/77
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ALUM I NUM

NO RHO0 US I UP ! UFSS I U UP2 UFS2 D

36 - 6.25 5.45 0.184 0.353 1.25

3 7 - 6.19 5.44 0.20e 0.401 1.25

US U

TABLE 1I

NO PI VI/VO P2 V2/VO PROJ.

1 1.58 0.9985 AL

2 2.42 0.9977
3 4.42 0.99M8
4 5.20 0.9950
5 5.32 0.9949
6 6.33 0.9940
"7 7.12 0.9930 -

8 7.43 0.9928 -

9 7.59 0.9925 -

10 "7.81 0.9923
11 9.58 0.9898 -

12 10.01 0.9892 -

13 11.50 0.9872 -

14 11.78 0.9873 -

15 11.80 0.9970 -

16 11.88 0.9871 -

17 13.79 0.9848 -

18 13.76 0.9846 -

19 14.27 0.9842
i ( 2o 14.32 0.9842

21 14.74 0.9828

22 15.96 0.9825 -

23 15.53 0.9820 -

24 17.38 0.9791 -

25 17.98 0.9796 -

26 18.40 0.9784 -

27 18.52 6.9782 -

28 18.37 0.9777
29 I9., 0.9768 -

30 20.60 0.9755 -

31 20.77 0.9757 -

32 21.42 0.9752 FE

33 22.22 0.9743 AL
34 23.45 0.9727 -

35 25.29 0.9706 FE

36 27.79 0.9672 -

-37 31.29 0.9627 -

U06/14/77
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COIMENTS:

1) SOURCE: LUNDERGAN. C. D. AND HERRMANN. W,.

J. APPL. PHYS. VOL. 34 P. 2045 (1963) ).

2) EXPERIMENTAL TECHNIOUE A

DATA REDUCT!ON TECHNIOUE A

( STANDARD MATERIAL 6061-16 ALUMINUM
3) CUP IS THE ALUMINPA PROJECTILE VELOCITY. "o INDICATES EXPERIMENTS IN

WI-I4CH 4340 STEEL PROTECTILES WERE Uc.D

41 THE DIFFERENCE BETWEEN THE PROJECTILE VELOCITY (?UP) AND THE MEASURED

UFS BEHIND THE SAMPLE RANGES FROM 0.001 AT 2.42 KILOBARS TO 0.041 AT

6.67 KBARS.

6
iI

,,I.
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PAOG 76
29g-- -3
ALUM I.NUM

LA

( VO -0.369 CC/o.
Vol 0.3"7153 CC/G.

IN THE TABLE BELON, VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURE IN
KILOeARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL USED
AS STRIKER. U(ST) IS THE VELOCITY OF STRIKER BEFORE IMPACT

TABLE

RHO0 US P P V/VO ST V(STI

2.71 9.13 2.80 693 0.6935 AL 5.60
- 10.39 3.70 1042 0.6439 FE 5.60
- 12.94 5.62 1972 0.5659 FE 8.6'

US - 5.38 * 1.35 UP KM/IEC. FOR UP BETWEEN 2.80 TO 5.62 KM/SEC.( SIG4A US - 0.04 KM/SEC.

COMMENTS:

1) SOURCE: AL'TSHULER. L.V.. KORtER. S.B.. BAKANOVA. A.A.
j AND TRUNIN, R.F.

SOVIET PHYS.-J.TP. VOL. 11. P. 573 11960)
2) EXPERIMENTAL TECHNIOUE A

DATA REDUCTION A
3) THE PRESSURES WERE PRODUCED BY AN EXPLOSIVELY ACCELERATED ALUMINUM

"OR STEEL PLATE AS INDICATED IN COLUMN 6.
4) THE INACCURACY IN THE DETERMINATION OF US AND UP DID NOT EXCEED 1.0

PERCENT. EACH POINT IS THE AVERAGE OF 4 TO 6 EXPERIMENTS.
5) VOl WAS OBTAINED FROII THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK.

(MCGRAW-HILL BOOK CO. 1963) 2 ED.

ii
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29 --- 4

AL 92.5 PERCENT

AVERAGE GRAIN SIZE IS I MICRON

VOI 0.3701 CC/G.
VO -I/lRHO0 SEE TABLE

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC PRESSURES IN

KILOBARS AND DENSITY IN /CC, ST DESIGNATES THE SITANDARD ATERIAL ANDS~THE MATERIAL OF THE STRIKER PLATE. U(ST) IS THE STRIKER VELOCITY BEFORE

IMPACT. ST LABELS THE HUGONIOT VARIABLES OF" THE IRON SAMPLE HOLDER.

TABLE

-------- ---- SAMPLE-- -DRIVER SYSTEM- -

RHOO US SIG-US UP P V/VOl UIST) US(STI UPIST)

1.89 11.74 0.10 6.27 1391 0.6676 8.6% 10.67 4.26
1.30 11.42 0.09 6.76 1003 0.8503 8.64 10.67 4.26
0.907 10.75 0.09 7.20 702 0.9852 8.64 10.67 4.26
2.70 18.31 0.16 9.94 4930 0.4577 15.45

US-

COMMENTS:

I) SOURCE: KORMER. S.B.. FUNTIKOV. A.I., URLIN. V.D.
t" AND KOLESNIKOVA, A.N.

SOVIET PHYS.-.JETP. VOL. 15. P. 477 196)
2) EXPERIMENTAL TECHNIOQUE A

DATA REDUCTION TECHNIOUE 8
33 US IS THE AVERAGE DETERMINATION TAKEN FROM 4-8 EXPERIMENTS. EACH

CONSISTING OF 4-6 READINGS.
5) VOl IS THE SPECIFIC VOLUME OF PURE ALUHUNUM OBTAINED FROM THE

HANDBOOK OF CHEMISTRY AND PHYSICS (THE CHEMICAL RUBBER PULISHING
CO., CLEVELAND. OHIO. 1962-1963) '#4TH ED.1 UP WAS NOT GIVEN BY THE SOURCE BUT CALCULATED FROM THEIR TABULATION.

0 1
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29 -- o,5
ALUM I NUM

AL

V - 0.370 O/CC.

THE TABLE BELOW GIVES THE VELOCITIES OF RELAXATION HAVES. C, AT VARIOUS
PRESSURES. THE "IUOONIOT STATE THE RELAXATION HAVE TRAVELS THROUGH IS
GIVEN BY US. UP. P. OR V/VO. DENSITY IS GIVEN IN G/CC.. VELOCITY IN
KM/SEC. AND PRESSURE IN KILOBARS. ST DESIGNATES THE MATERIAL OF THE

STRIKr'n PLATE, U(ST) IS THE VELOCITY BEFORE IMPACT AND US(ST) IS THE
SHOCK VELOCITY IN THE PLATE AFTER IMPACT.

TABLE

SOUND VELOCITY
PARALLEL TO SHOCK DIRECTION

--- IHUGONIOT STATE -------- -- DRIVER SYSTEM-- I
SRHOO US UP P V/Vo C ST U(5T) US(ST)

2.71 9.13 2.80 693 0.6935 AL 5.60 9.13
- 8.52 2.35 545 0.7231 8.84 AL 5.60 9.13

- 7.92 1.92 412 0.7576 8.13 AL. 5.60 9.13
- 10.5 3.77 1072 0.6406 FE 5.71 7.06
- 10.2 3.54 975 0.6519 9.76 FE 5.71 7.06
- 12.9 5.59 1955 0.5679 11.74 FE
- 12.0 4.93 1600 0.5879 11.23 FE

( US-

COMMENTS:

1) SOURCE: AL'TSHULER. L. V., KORMER, S. B.. BRAZHNIK. M. I..

VI.AOIMIROV. L. A. AND FUNTIKOV. A. I.

SOVIET PHYS.-jETP, VOL.11. P. 766 (19603
Pi EXPERIMENTAL TECHNIOUF A WAS US0D FOR THE FIRST THREE ENTRIES.

FOR ALL OTHER ENTRIES THE EXPERIMENTAL TCCHNIOUE 8 HAS USED. THE
HUGONIOT STATE HAS DETERMINED FROM ONE MEASURED PARAMETER AND THE
KNOWN EQUATION OF STATE. AL'TSHULER ET AL, SOVIET PHYS-jErP, VOL. II.

P. 5"73 (1960).

3) THE SOUND VELOCITY WAS DETERMINED FROM THE ATTENUATION IN THE MEAS-
URED SHOCK OR FREE SURFACE VELOCITY PRODUCED BY THE RAREFACTION WAVE
ORIGINATING AT THE REAR SURFACE OF THE STRIKER PLATE.

4) THE MEASURED SOUND VELOCITY IS HIGHER THAN THE CALCULATED SOUND
VELOCITY FOR A PURELY NONELASTIC SAMPLE.

5) VOI WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE

CHEMICAL RUBBER PUBLISHING CO. 1962-19631 44TH ED.

U06/14/77
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2•9--- 6

ALUMINUM 2024 ALLOY

AL 93 PERCENT BY 14EIOHT
CU 3.8 - 4.9 - - -
MoG 1. - 1.8 - - -

S0'.3 - 0.9 - - -

FE ( 0.5 - - -

Sl ( 0.5 - - -

ZN <0.25 - - -

CR < 0.1 - - -

VO - 0.3591 CC/6

THE TABLE BELOW LISTS PRESSURE 4P IN KILOBARS). PARTICLE- SHOCK- AND
FREE SURFACE VELOCITY (UP, US AND UFS IN KM/SEC.) OF THE HUGONIOT. THIS
HUGONIOT MAY BE CALCULATED FROM THE LINEAR FIT BELOW THE TABLE. THE
OTHER COLUMINS ARE THE COEFFICIENTS OF THE FIT TO THE ISENTROPIC CURVES

P = AO - AI*(UFS-U) + A?"(UFS-U)6Z .------- A4*(UFS-U)*04
WHICH IN THE P VS U PLANE PASS THROUGH THE HUGONIOT AT THE LISTED POINTS
THE DENSITY AT THE FOOT OF THE HUGONIOT IS 2.785 0/CC.

TAABLE

us UP UFS P AO Al A2 A3 A4

5.489 0.100 0.200 15.3 0.0 149.38 36.73 -0.160 0.170
6.834 1.100 2,210 209.4 0.0 147.71 36.89 -0.291 0.183
7.910 1.900 3.848 418.6 0.0 143.57 36.75 -0.456 0.196
8.717 2.500 5.168 606.9 -9.25 135.60 35.14 -0.169 0.149
9.524 3.100 6.566 822.3 -23.66 122.26 34.25 -0.229 0.140

10.197 3.600 7.752 1022.3 -33.53 110,97 33.43 -0.283 0.131

US a 5.3550 * 1,345 UP KM/SEC.

COMMENTS:

I) SOURCE: MARSH. S. P.
PRIVATE COM"tU1'ICATION
OMX-6. LOS ALAMOS SCIENTIFIC LABORATORY
LOS ALAMOS. NEW MEXICO.

a) DATA REDUCTION METHOD: 0
THE ISENTROPES WERE CALCULATED WITH A CONSTANT VALUE OF
0.1520 CC/G FOR THE PARTIAL DERIVATIVE AT CONSTANT VOLUME
(OE/DPI. E a INTERNAL ENERGY AND P a PRESSURE.

3) THE ACCURACY Or THE FIT TO THE COMPUTER OUTPUT FPOM THE ABOVE SOURCE7 IS AS FOLLOWS:
A DEVIATION OF LESS THAN 0.03 KBAR FOR THE FIRST ADIABAT

- - - 0.10 - - - SE:ON -
-. .. . 0.13 - - - THIRD -

"0 - - 0. - - FOURTH - ABOVE 10 K8
S. .. 0.03 - - - 33 -

0.24 - - " FIFTH 31 -

"U06, 14/77
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PAGE so
-- -0.03 - . . .. 54 -
. .. 0.2 - - - SIXTH so 5 -

0...03 .. 76 -
4) THE FIT FOR TIH LAST THREE ADIABATS WAS IMPROVED BY ALLOWING A NON-

ZERO INTERCEPT. THE DEVIATION AT UFS-U - 0 IS THEREFORE THE VALUE OF
THIS INTERCEPT. THIS ERROR DECREASES N.ARLY LINEARLY TO THE LARGER
UL4CERTAINTY LISTED ABOVE.

5) THE MAXIMUM PRESSURE TO WHICH THE ABOVE FITS ARE VALID RANGE FROM
1100 KBARS FOR THE FIRST LINE TO 1250 1,BARS FOR THE LAST TABLE ENTRY

(

.• U1.06/14,I177
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M9---7
ALUMINUM 2024 ALLOY

AL 93 PERCENT BY EICGHTi#
CU 3.9 - 4.9 - - -

MO, 1.2- 1.9 - - -

MN 0.3 - 0.9 - - -

FE (0.5 - - -

SI (0.5 - - -

ZN <0.25 - - -

CR <0.1 - - -

Va - 0.3591 CC/G CL - 6.300 1,EC CO - 5.339 KM/SEC
CS - 2. 895 SEC

THE TABLE BELOW LISTS PRESSLRE (P IN KILOBARS). PARTICLE- SHOCK- AND
FREE SURFACE VELOCITY (UP. US AND US IN KM/SEC.) OF THE HUGONIOT. THIS

HU4OONIOT MAY BE CALCULATED FROMI THE LEAST SQUARE FIT BELOW THE TABLE.

OTHER COLUMNS ARE THE COEFFICIENTS OF THE FIT TO THE ISENTROPIC CURVES
P - A-(UrFS-U) + A2*IUJFS-U)'2 ------- +A5"(UFS-U)#,5

WHICH IN THE P VS U PLANE PASS THR-VJGW THE HUGONIOT AT THE LISTED POINTS

(THE DENSITY AT THE FOOT OF THE HUGONIOT IS 2.785 G/CC.

TABLE

US UIP UfS P Al A2 A3 A4 A5

6.307 0.688 1.381 120.8 146.677 40.576 -0.969 -0.1114
6.919 1.140 2.294 219.7 145.945 38.828 -0.016 -0.2619
7.257 1.398 2.828 2W2.5 141.834 43.640 -5.966 2.5537 -0.4384

S7.62•' 1.681 3.417 356.9 138.206 44.767 -7.214 3.0070 -0.4781
8.026 1.993 4.080 445.3 133.033 45.229 -7.609 3.0555 -0.4529

( 8.478 2.341 4.839 552.6 125.740 45.017 -7.537 2.9445 -0.4056

8.730 2.532 5.267 615.5 121.?15 44.160 -6.932 2.6771 -0.3529
9.154 2.846 5.977 725.4 113.401 43.276 -6.570 2.4953 -0.3055

9.478 3.079 6.538 812.5 104.909 43.985 -7.959 2.9091 -0.3302
9.850 3.337 7.153 915.2 97.414 43.155 -7.962 2.8328 -0.2993

10.293 3.631 7.89W 1040.3 87.492 41.468 -7.955 2.'758 -0.2534
* 10.553 3.796 8.312 1115.2 83.355 40.218 -7.660 2. W73 -0.2275

SUS - 5.300 * I.550 b.lP - 0.I442*UP"" * 0.02648*UP"3 KM/SEC

r COMMENTS

I) SOURCE: CMPIL.ER
EQUATION OF STATE FILE
!AI.RE.•CE RACIATION LABORATORY. LIVERMORE. rALOIRNIA.

j) EXPERIMENIAL IEC4MIOUE B
DATA R•OUC ". I WTHOD 0 OVER

THE VALUE S DERIVATIVE AT CONSTANT VOLUIMs
SI(OP/OEI 4113 - 1.I4MO'l - 0.77141"RH0'2 + 0.169370-RH0''3

IAS OBTAIIKO "iY USING TMI DUODALE MCDONALD E£UATION FOR THE
OCIJCISEN GAMMA IN fW MEtW00 OF'

J,. M. WALSI' ET .L

U06/ 14077
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PHYS. REV., VOL. 108. P. 196. (19571

3) THE ACCURACY Or TIE TABULATED LEAST SQUARE FIT 70 TIE COMPUTER OUTPUT
OF P AND IUFS-U) IS BETTER THAN 0.2 KBAR. THE CALCULATION USED ABOUT

I I 200 EXPERIIMENTAL POINTS.
'4) THE PRESSURE RANGE OVER WlHICH THE TABULATED FITS ARE VALID RANGES '

FROM 0 TO 900 KBAR FOR THE FIRST ENTRY AND UP TO 1300 KBARS FOR THE
LAST ENTRY.

(I

(
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29 --- 8
ALUMiNUM AU4G ALLOY

AL - 92.9 PERCENT BY WE1GHT
CU v 4.0 - -
M = 1.2 - - -
M aN= 1.3 - - -

SI a 0.6 - - -

vO - 0.356-0.357 CC/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KMtSEC.. P•ESSURE IN
KILOBARS AND DENSITY IN G/CC.

TABLE

RHO0 US UP UFS P V/VO

2.80 7.309 1.374 2.747 281 0.812
- 7.142 1.400 2.799 290 0.804
-- 7.353 1.381 2.762 284 0.812S- 7.353 1.3,1 2.782 284 0.812

7.143 1.592 3.184 318 0.777
- 7.396 1.539 3.078 319 0..792
- 7.235 1.501 3.001 304 0.793
- 7.564 1.590 3.180 337 0.790
- 7.032 1.377 2.753 271 0.80G
- 7.032 1.402 2.803 276 o.aoi
* 7,310 1.429 2.857 293 0.8C5
- 7.386 1.449 2.897 300 0.804
- 7,032 1.227 2.453 242 0.828
- 7.032 1.209 2.418 238 0.e25

( - 6.983 1.237 2.473 242 0.823
- 7.143 1.265 2.530 253 0.823
- 7.299 1.446 2.892 296 0.802
- 7.386 1.428 2.855 295 0.8C6

7.496 1.447 2.896 306 0.808

7.331 1.519 3.038 312 0.792
2.81 7.194 1.235 2.469 250 0.828

- 7.112 1.240 2.479 248 0.826
- 7.022 1.241 2.482 245 0.823
- 7.M7 1.209 2.418 247 0.833

6.859 1.213 2.426 234 0.823
- 6.793 1.116 2.232 213 0.836
- 6.451 0.972 1.944 176 0.949

- 6.451 0.938 1.875 170 0.m55
- 6.321 0.725 1.449 129 0.885
- 6.321 0.73P 1.476 131 0.883
- 6.427 0.b-.8 1.275 115 0.901

6.361 0..34 1.267 113 0.900
- 66.410 0.636 1,272 115 0.901

-- 6.410 0.646 1.291 116 0.899
6.265 0.700 1.390 123 0.6M

- 6.321 0.711 1,421 126 0.008

- 6.127 0.715 ,430 123 0.883
- 6.127 0.735 1.46S 127 0.960

U06/114/77
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ALUMINUM AU4G ALLOY

RHO0 US UP LFS P V/VO

- 6.02-4 0.659 1.318 112 0.891
- 5.807 0.654 1.307 107 0.887
- 6.045 0.639 1.277 109 0.89.
- 5.938 0.632 1.263 105 0.894
- 6.188 0.708 1.416 123 0.886
- 6.188 0.693 1.386 121 0.800
- 6.180 0.690 1.379 120 0.888
- 6.180 0.695 1.390 121 0.888
- 6.031 0.721 1.441 122 0.880
- 6.150 0.708 1.416 122 0.885
- 6.165 0.657 !.314 114 0.893
- 6.165 0.64"7 1.293 112 0.895
- 5.903 0.622 2.244 103 0.e95
- 5.903 0.622 1.244 103 0.895

uS-

COMMENTS:

I) SOURCE: BERGER J. AND FAUQUIGNON C.
PRIVATE COMMUNICATION (1964). B.P. NO. 7. SEVRAN. FRANCE

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIQUE D
UP WAS DETERMINED BY USING THE FREE-SURFACE APPROXIMATION WHERE:
UFS, * 2UP

3) SAMPLE DIMENSIONS FOR 114E US MEASUREMENTS: 2.0 CM DIAMETER
0.5 CM THICKNESS

SAMPLE DIMENSIONS FOR THE UFS MEASUREMENTS: 2.0 CM DIAME TER
0.25 CM THiCKNESS

I

uas ie'f
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29--- 9
ALUM INUM POROUS

AL 99.6 WT PERCENT
CU. FE AND MN TOTAL 0.4 W4T PERCENT( PARTICLE SIZE: ABOUT 4 MICRON. SEE COMMIENTS

VO a 0.55 - 0.75 CC/0
VOI 0.3715 CC/G

THE TABLE LISTS DENSITY IN 0;CC. VELOCITIES IN KM/SEC AND PRESSURE IN
KBAR. U(ST) DESIGNATES THE VELOCITY OF THE 1100 ALUMINUM PROJECTILE

TABLE I

RHO0 US UP P V/VO U(ST)

1.816 3.23 1.197 70.22 0.630 1.64
- 2.97 1.206 65.07 0.594 1.62
- 3.94 1.425 102.0 0.638 2.04
- 4.28 1.543 119.9 0.640 2.25( - 5.00 1.901 172.6 0.619 2.86

US a -0.128 * 2.76,UP KMfSEC
SIGMA US - 0.13 KM/SEC

TABLE It

RHO0 US UP P V/VO U(ST)

1.348 2.63 1.323 46.9 0.497 1.63
- 2.65 1.329 47.5 0.498 1.64
- 3.50 1.772 83.7 0.494 2.29
- 4.38 2.179 128.7 0.502 2.93

US - -0.057 * 2.036UP KM/SEC
SIGMA US - 0.030 KM/SEC

COMMENTS:

1) SOURCE: MORGAN 0. T.. ROCKObIITZ M.. ATKINSON A. L.

AVCO CORP. REPORT NO. AFWL -TR-65-I 17
RESEARCH AND OEVELOPIKENT DIVISION
AVCO CORP.. WILMINOTON. MASS.. USA

2) EXPERIMENTAL TECHNIOUE: (SEE 31
. DAIA REOUCTION METHOD: 1

T"HE STANDARD MATERIAL WAS 1100 AL ALLOY WITH
RHOO o.70 0'CC. US - C + S"UP KM/SEC
C - 5.144 *OR-0.093 KM/SEC
S w I.5'0 *OR-0.041

33 THE PRESSURE WAS OENERATED WITH ALUMIINUM 1100 ALLOY PROJECTILES
THE PROJECTILE u.LOCITY AND SAW¶E SL[ FACE MOTION WERE DETECTEO BY

U0D/4 , I'/If
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REFLECTING A LASER BEAM OFF THESE SURFACES AND OBSEPVING THE LIGHT

THROUGH A SET OF SLITS PHOTOMETRICALLY. THESE MIASUREMENTS TOGETHER

WITH THE OBSERVATION OF A.' IMPACT FLASH GE•ERATED WHEN THE PROJECTILE

AND SAMPLE COLLIDE. YIELD US AND U(ST)

41 ACCURACY OF THE VELOCITY MEASUREMENTS WAS TYPICALLY I PERCENT

(d

(

(V

Vi

I

kI Is7
SI I
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29---10
ALUMINUM POROUS

AL 100 PERCENT
PARTICLE SIZE: 0.208 1M4 MAX. 0.030 1M1 AVERAGE IN TABLES I AM II I,

S0.300 MM MAX 0.209 MM MIN, IN TABLE III

TABLE I, II AND III GIVE THE EXPERIMENTAL lU.OtNIOT POINTS FOR SAMPLES OF
COMPRE:SSED POWIDER AT VARIOUS DENSITIES. DENSITY IS GIVEN IN 0/CC,
VELOCITIES IN KI'SEC AND PRESSURE IN KILOBARS.

VO " 0.519-0.5ei CC/G

TABLE I

------- SAMP:LE STANDARD

RHO0 US UP UFS P V/VO LFStST)

1 1.93 5.08 1.88 3.238 184 0.630 2.89
1.930 5.17 1.89 189 0.634

- 5.36 1.84 191 0.657
1.927 6.43 2.45 304 0.619
1.930 6.83 2.70 357 0.605

- 6.90 2.77 368 0.598
1.92 7.15 3.03 5.43 418 0.576 5.07C
1.92 7.79 3.42 5.93 511 0.561 5.86
1.919 7.97 3.45 528 0.567

US - 2.08 + I.71I'UP KM/SEC.
51G US w 0.15 KM/SEC.

VO - 0.629-0.635 CC/ A

TABLE II

- -...... SAM4PLE -.... -- STANDARD

11H40 us LOP UFS P VOVO UF'SI•ST )

1. 5W 5.43 2.43 3.9150 210 0.w5 3.56
1.5 5.82 2.67/ 4.149 246 0.540 3.96
1.51 5.93 2•.69 4.53 25 0.547/ 4.02.
I.Wi7 6.50e 3.004 5.21 319 0.536 4.67/

1.59 6.50 3.06 5.25 316 0.529 4.671. .5Mr 6.03 3.* .3 347 0.531 4.9"7

1.5"t 6.90 3.28 5.51 355 0.5N9 5.0'
1.50 6.91 3.26 5.2W6 356 0.5m9 5.07C
5.567 7.29 3.44 S." 39 0.2 5.143
I.56 7.49 3.59 416 0.52 5.72
I.S'7 7.85 3.66 6.1'. 4 0.515 8.66

MUSS I/.177

If
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* ALUMINUM POROUS

RHOO US UP UFS P VOVO UFS(ST)

US - I.32 + 3.78UP KM/SEC(SIGMA US - 0.044 KM1SEC

VO C 0.740-0.744 CC/O

TABLE III
-....... SAMPLE - - --------------- STAIDARD

RHO0 US UP ULFS P V/VO UlFSST)

1.350 5.09 2.58 4.518 1377 0.493 3.56
- 5.57 2.82 4.168 212 0.494 3.96
- 5.64 2.85 5.11 219 0.495 4.02

1.350 6.72 3.37 6.08 305 0.498 4.9"7
1.351 6.79 3.41 5.848 313 0.498 5.04
1.350 7.16 3.60 6.85 348 0.497 5.43
1.344 7.29 3.85 377 0.472 5.64
1.350 7.32 3.78 373 0.434 5.72

US a 0.426 + 1.83"UP KM/SEC
SIGMA US - 0.12 KM/SEC

"*1I

TABLE IV SUMMARIZES THE RESULTS OF SOME SHOCKS THAT WERE REFLECTED FROM
A TUNGSTEN COVER. RHOO IN G/CC. P IN KBAR AND £ IN K6AR'CC/G

TABLE IV

SRHOO P1 VI/VO El-EO P2 ",/VO E2-E0

1.587 .319 0.536 46.6 98. 0.428 92.5
1.565 426 0.523 64.1 1261 0.414 124.0
1.331 373 0.479 731.0 12444 0.375 135.0

COMIENTS:

1) SOURCE: AI.ERSON, G. D.. DORAN. 0. G. AV. FA.IENBAUCH, A. L.
AIR FORCE WIAPONS LAS. REPORT: AF14L-TR-65-147 (965)

. .. �'1 .ArWL-TR-67-43C STANFORO R•S. INST.. ME•4LO PARK. CALIFCRNIA. U.S.A.
2) EXPERIMENTAL IMTHOD C

DATA REDUCTION TECHNIQUE 0L
STANDAF) MA1ERIAL 2024 ALUMINUI

31 AVERAM PARTICLE SIZE OF 0.030 IMM. THE SIZE LIMITS Ol'EN ADWOVE RE
OBTAINO BY APPROPRIAIELY SIEVING THE POMGR WORE PRIESSING.

4) SAMPLE DIMENSIONSt 3.6 CM OIAMETER BY 0.48 CM THICK

UOr',I%'77
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5) IN TABLE 1. 11 AND : III:
C REFERS TO CASES WHERE THE UFS OF THE STANDARD WAS CALCULATED FROM
ITS MEASURED SHOCK VELOCITY AND ITS KNOWN EQUATION OF STATE.
8 REFERS TO EXPERIMENTS IN WHICH THE SURFACE OF THE SAMIPL HAS CO-
VERED BY AN ALUhINUM1 SHIM.

I

! (!

iI

I -
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2:9 --- I I

ALUMINUM 1060 ALLOY

SILICON St O.Z5 WT PERCENT MAX.

IRON FE 0.35 - - - 4
COPPER Cu 0.05 - - -

( MANGANESE MN 0.03 - - -
MAGNESIUM "0 0.03 - - -

ZINK ZN 0.05 - - -

TITANIUM TI 0.03 - - -

OTHER 0.03 - - -

ALUMINUM AL. REMAIIDIER

VO a 0.370 CC/G
Vol1 0.3706 CC/G

THE TABLE BELOW LISTS DENSITY IN 0/CC. VELOCITIES IN KM/SEC AND PRESSURE
IN KILOBARS

TABLE I

- SAIPLE --------------- STANDARD

TO RHOO US UP I.S P V/VO UFS

17 2.70 7.31 1.45 2.97 286 0.802 2.89
- - 7.75 1.80 377 0.767 3.60
- - 8.77 2.46 583 0.718 5.03
- - 9.06 2.58 5.4a 633 0.716 5.35
- - 9.13 2.71 667 0.702 5.61

- - 8.76 2.77 5.48 656 0.684S-8.82 2.70 5.14 647 0.694

S17 - 8.14 2.21 4.56 486 0.728
i.r'2 .509.EI 279 547 63 O 61555 2.586 8.56 2.76 5.27 611 0.679

543 2.586 0.2-% 2.e3 4.66 47'3 0.729 *

US 5.39 ; .32UP Ka2S2 C FOR THE COLD SAMPLES

SIGMA US - 0.80 KM/SEC

COMIMENTS:

I) SOURCE: ANDERSON. 0.O., DORAN. 0.0. AND FAHREN8RUCH. A.L.
AIR FORCE W.EAPONS LAS REPORT AFWL-TR-65-147 (1965)
STANFORD RES. INST.. MENLO PARK. CALIFORNIA

23 EXPERIMENTAL METHOD C
DATA REDUCTION TECHNIG.UE 9 AND A (FOR THE ROWS WITH * IN THE UFS

COLUMN)
STANDARD MATERIAL 202.4 ALUMINUM EXCEPT FOR
THE ROWS HARKED WI TH A , WIIERE BRASS WAS
USED. NO PARAMETER WAS LISTED FOR THIS
HATERRIAL

LUL6/14/7"
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3) SAMPLE DIMENSIONS: 3.8 CM" DI•ItCTER 9Y 0.48 CM THICK.
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29---12
ALUMINUM 2024-T4

SI 0.50 WT PERCENT MAX.

FE 0.50 - - -

CR 0.10 - - -

( ZN 0.5:
OTHERS 0.15
CU 3.8-4.9 WT PERCENT
MN 0.3-0.9 - -

MO 1.3-1.9 - -

VO = 0.3579 CC/0 CL 6.30 KMI/SC

THE TABLE LISTS DENSITY IN G/CC VELOCITIES IN KM/SEC AND PRESSURES IN
KBARS. SUBSCRIPTS I AND 2 REFER TO AN ELASTIC PRECURSOR AND THE MAIN
WAVE.

TABLE

RHO0 USI UP! Pi VI/VO US2 UFS2 UP2 P2 Ve/VO

2.794 6.41 0.0304 5.44 0.99526

- 6.46 0.0289 5..2 0.99553 5.801 0.609 0,311 50.9 0.94704
- - - - 5.771 0.591 0.302 49.3 0.94836

-- 5.745 0.572 0.293 47.5 0.94981
* .. . . . .- 5.723 0.542 0.2775 45.0 0.95225

- 5.704 0.520 0.266 43,1 0.95405
-- . . . . . 5.685 0.496 0.254 41.1 0.9%603

.- 5.669 0.472 0.242 ,9.1 0.95804
.- 5.658 0.447 0.2295 37.1 0.96018

,- .- 5.647 0.421 0.2165 34.9 0.96824

- 6.40 0.0307 5.49 0.9950• 5.721 0.535 0.2"74 44.5 0.95875
- - - - 5.702 0.515 0.264 42.8 G.95428

S5.683 0.493 0.253 40.9 0.95609
5.664 0.471 0.•-• 39.1 0.95791

. . ..- 5.643 0.449 0.231 37.2 0.95973
-- 5.624 0.426 0.819 35.4 0.96157

5 5.603 0.403 0.?08 33.4 0.96359
5 5.582 0.379 0,1955 31.4 0.96563

-. . . . .- 5.W59 0.354 0.183 29.5 0.96767
. . . . .- 5.535 0.329 0.170 e7.4 0.96991

-- 5.510 0.302 0.157 25.3 0.97216

- 6.42 0.0040 0.70 0.9994 5.671 0.573 0.887 45.5 0.94967
- - - 5.639 0.530 0.266 41.9 0.95312

-- 5.617 0.502 0.2•8 39.6 0.95544
5- - - 5.597 0.474 0.238 37.2 0.95778

2.794 - - 5.558 0.444 0.223 34.6 0.96020
- - - 5.543 0.414 0.209 32.2 0.9620

- 6.41 0.0039 0.7 0.9994

- 6.39 0.0072 1.30 0.99M9 5.676 0.559 0.228 44.9 0.95061

U06/31077
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ALUMINUM 024-T4

RHOO USI UPI PI VI/VO USe UFSZ UP2 P2 Vi/VO

'1

-. . .. 5.659 0.546 0.276 43.7 0.95161

5.642 0.530 0.268 42.3 0.95M9
.. 6M 0.513 0.259 40.8 0.954V7

-. . . . 5.611 0.495 0.250 39.3 0.95576
.,595 0.480 0.243 38.0 0.95697
5..58 0.462 0.23' 36.5 0.95849

- - - 5.567 0.443 0.224 .35.0 0.96010

S. . .. 5.5W 0.426 0.216 33.6 0.96152

US u 5.24 I.77'*UP KM/SEC FOR FIRST 20 POINTS WITH
SIG US " 0.009 KM/SEC UP - 0.15 TO 0.3 KM/SEC.

US - 5.19 * 1.680P KM/SEC FOR TiE- FOLLOWING 6 POINTS
SID US a 0.005 KM/SEC WITH UP - 0.2 TO 0.3 KM/SEC
US - 5.15 + I.83*UP KM/SEC FOR THE LAST 9 POINTS WITH
51G US a 0.003 KM/SEC UP a 0.2 TO 0.58 KM/SEC.

( COMMENTS:

I) SOURCE: FOILES G. R.
J. APPL. PHYS. VOL. 32. P. 1475 11961)

2) EXPERIMENTAL METHOD D
DATA REDUCTION TECHNIOUE 0:

THE ASSUMPTION UPI a 1/2 uFSl HAS USED
ARGUMENTS BASED ON ELASTIC THEORY YIELD 2UP - LFS + US(PI/K)
-UPI WHERE K IS THE BULK MOIIUS AND PI/K IS THE SUM OF
(VI/V01-1 AND (VFINAL/VO0-1. WITH VI THE VOLUME AT THE YIELD
POINT, AND VFINAL THE VOLUME AFTER THE RELEASE WAVE FROM THE
FREE SURFACE REDUCED THE PRESSURE TO ZERO.

3) THE ABOVE TABLE WAS OBTAINED FROM 6 SEPARATE EXPERIMENTS USING
WEDGE SHAPED SAMPLES WITH A PRESSURE C41AIENT ACROSS ITS FACE.

SOME CORRECTIONS WERE MADE FOR LACK OF NORMAL INCIDENCE OF THE HAVES.
to) OTHER CONSTANTS LISTED: YOUIGS MOOOLLUS E - 760 KBAR

BULK - K - 728 -

RIGIDITY - 0 - 286.6 -
HEAT CAPACITY CV - 0.925 JOULES/(G.DEG.C)

GRUNEISEN RATIO GAMMA - 2.13
(OP/DT)V - 0.055 KBAR/DEO.C

5) THE FOLLOWING TENSILE YIELD POINTS WERE MEASURED:
HARDENED SAMPLE : 2.40 TO 2.90 K1AR
ANIEALED - : 0.70 TO 1.0

THE LARGER VALUE CORRESPONDS TO 2 PERCENT DEVVIATION FROM THE LINEAR
STRESS STRAIN CURVE.

6) A CORRELATION BETWEEN THE HUGONIOT ELASTIC LIMIT. ROCKWELL HARDNESS
AND DISTANCE OF SHOCK TRAVEL IS GIVEN BY THE FOLLOWING TABLE:

PI RH x
3.4 80 7.9
?.0 so 15.9

12.6 895 3.3
10.7 895 7.9
7.9 995 15.9

SEE a STRESS RELAXATION IN THE SHOCK COMPRESSION OF SOLIDS

U06 3I% 77
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0. 0. ANDERSON AND W. J. MURRI. TECHN. RPT. NO. AFL-TR-57-'t4
STANFORD RES. INST.. 333 RAVENSWOOD AVE.. MENLO PARK. CALIF.

(
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ALUMINUM 1060 ALLOY

FE 0.23 'EIOIOHT PERCENT
CU SI MN MG LESS THAN 3.00 - -

AL REMA I NOER - -

VO - 0.3M95 CC/Q CO - 5.240 KM/SEC
V01- 0.3706 CC/O

THE TABLE LISTS ALL THE PRESSURES AND COMPRESSIONS OF THE MULTIPLE WAVE
SYSTEMS USED IN THE DATA ANALYSIS OF THESE RELATIVELY BROAD SHOCK WAVES.
TOGETHER. WITH THE HYDROSTATIC PRESSURE (PH) AND THE APPROXIMATE USI AND
UPI VALUES CALCULATEO FROM THEM. DENSITY IS IN G'CC. VELOCITIES IN
KM/SEC AND PRESSURE OR STRESS IN KBARS. NO - EXPERIMENT MJIBER. I INDi-
CATES THE IST. 2NO. 3RD ETC. NAVE OF THE SYSTEM. U - PROJECTILE VELOCITY
AND MAT IS THE PROJECTILE MATERIAL.

TABLE

U RHO0 USI UPI Pl VI/VO I PH MAT

.0086 2.706 6.7 0.0018 0.33 0.99973 I AL
5.4 0.003a 0.53 0.99948 2

5.1 0.0039 O.6' 0.99934 3
3.8 0.0041 0.65 0.99929 4

0.0042 0.66 0.99928 5 0.53

.0321 - 6.4 0.0017 0.30 0.99973 1
6.1 0.0028 0.47 0.99956 2
5.7 0.0054 0.98 0.99909 3
5.5 0.0075 1.19 0.99871 4
5.3 0.0106 1.6' 0.9981a 5
5.2 0.0137 2.07 0.99753 6
5.0 0.0146 2.22 0.99731 7
4.6 0.0154 2.29 0.99719 8
4.7 0.0158 2.35 0.99709 9 2.17

.0358 6.4 0.0021 0.37 0.99967 1
5.9 0.0032 0.55 0.99948 2
5.7 0.0051 0.83 0.99916 3
5.5 0.0084 1.33 0.9989% 4
5.3 0.0129 1.97 0.99770 5
5.1 0.0161 2.42 0.99707 6
4.4 0.0176 2.59 0.9%675 7
4.3 0.0177 2.61 0.9%671 8 Z.4%

.0629 6.0 0.0024 0.39 0.9996 1
5.4 0.0181 2.70 0.9967 2

5.2 0.0311 4.53 0.9942 3 4.3%

.0928 - 6.7 0.0020 0.36 0.9997 I
6.4 0.0252 3.78 0.9954 2
5.2 0.0450 6.55 0.9916 3 6.35

UN/It#14/77
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ALUMINUM 1060 ALLOY PAGE 9o

U RHOC USI UPI P1 VI/VO I PH MAT

.1620 - 6,0 0.0024 0.39 0.99% 1
5,6 0.031"7 4.79 0.994q3 2

5.9 0.0740 11.52 0.9871 3
1.8 0.0770 11.66 0.9854 4 11.43

.2197 - 6.4 0.0025 0.44 0.9996 1
5.6 0.0359 5.46 0.9936 a

5.5 0,106 15.84 0.9807 3 15.59

.3020 - 6.45 0.0026 0.45 0.9996 1
5.70 0.148 22.36 0.9734 2 2e.09

.3995 6.13 0.0037 0.61 0.9994 1
5.82 0.197 30.04 0.9650 2 29,68

.4815 - 5.97 0.065 1.06 0.9989 I
5.91 0.237 36.42 0.9584 2 36.09

.5210 - 6.44 0.0032 0.56 0.9995 1
5.92 0,256 39.35 0.9549 2 38.99

US a COMMENT 3

COMMENTS

1 I) SOURCE: MUNSON. 0. E. AND BARKER. L. M.
J. APPL. PHYS.. VOL. 37. P. 1652. (1966)
SANDIA CORPORATION. ALBUQUERQUE. NEW MEXICO.

2) EXPERIMENTAL TECHNIQUE F AND AN INTERFEROMETRIC METHOD
DATA REDUCTION METHOD 0 WITH 2UP a UFS

WITH THE MODIFICATION THAT A SMOOTH BROAD WAVEI IS APPROXIMATED BY A SET OF DISCREET PRESSURE STEPS. THE SHOCK VELO-
CITY MEASUREMENTS WERE CORRECTED FOR ERRORS INTRODUCED BY SURFACE
INTERACTIONS.

3) NOTE THAT US! AND UPI ARE ONLY APPROXIMATE NUMBERS CALCULATED FROM
THE P1 AND Vi/VO VALUES TO ILLUSTRATE THE WAVE THICKNESS. IN THE
FIT BELOW US IS OBTAINED FROM THE MAXIMUM VALUE OF PH OF THE PARTICU-
LAR WAVE SYSTEM AND THE CORRESPONDING VALUE OF VI. USING THE EOUALITYp US - VO(PH/IVO-VI)).*I/2. WHILE UP WAS TAKEN TO BE 1ie THE MAXIMUM
FREE SURFACE VELOCITY. THESE POINTS ARE COMBINED WITH DATA FROM LOS-
ALAMOS SCIENTIFIC LABORATORY TO GIVE:
US - 5.270 * |.429U'P - 0.01196JP°2 KM/SEC, TO UP a 4.45 KH/SEC
MAX. DEVIATION 1.0 PERCENT.

4) PH - PI - 2/30Y. WHERE THE YIELD POINT Y IS A FUNCTION OF THE DEGREE
OF WORK HARDENING.

5) VOI WAS CALCULATED FROM THE CUBIC UNIT CELL CONSTANT GIVEN IN
WYCKOFF. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS. NEWI YORK, 1963)
A m 4.04958 ANGSTROM AT 25 DEG. CENTIGRATE.

U06/ 14/77
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29--- 14

ALUM INUM 202:

Cu 3.8-4.9 WT. PERCENT
FIG i ,2-1. , - -

tMN 0.3-0.9 - -

SI 0.5 - -
FE 0.5 - -

ZN 0.25 - -
CR 0.10 - -

AL REST - -

VO " 0.3593 CC/O CL a 6.38 KM/SEC CO " 5.20 KM/SEC
CS - 3.20 KM/SEC

THE TABLE LISTS RHOO IN 0/CC, VELOCITIES IN KM/SEC AND P IN KBARS. CU"
COPPER, FS- FANSTEEL, AL- ALUMINUM AND Ww- WEIGHTING FACTOR.

TABLE
------------- SAMPLE -1- - - ---------- IMPACTOR -

RHOO US UP P V/VO MAT U WF

2.783 8.099 2.017 455. .7510 FS 2.583 1
2.783 9.504 3.081 815. .6758 AL 6.161 1
2.783 9.793 3.289 896. .6642 CU 4.883 1
2.783 9.839 3.439 942. .6505 AL 6.876 1
2.783 10.047 3.663 1024. .6354 FS 4.775 1
2.783 10.432 3.763 1092. .6393 AL 7.526 1

S2.783 10.313 3.789 1088. .6326 CU 5.621 1
2.783 10. 159 3.928 1092. .6232 CU 5.654 1
2.783 10.594 4.03' 3189. .6192 AL 8.067 1
2.783 o0.585 4.127 1216. .6101 FS 5.400 1
2.783 10.84 4.438 1344. .5922 CU 6.567 1
2.783 12.351 S.Z37 1900. .5760 Cu ?.833 I
2.783 12.460 5.297 1837. .5749 CU 7.929 12.783 13.2M8 5.96W 2196. .5491 FS 7.947 1

US a 5.471 * 1.310wUP KM/SEC
SIG.US a 0.022 10/SEC

COMIMENTS:

1) SOURCE: ISBELL W.M.. SHIPMAN F.H. AND JONES A.H.
HUGONIOT EOUATION OF STATE OF ELEVEN MATERIALS TO FIVE IIBARS
MATERIALS SCIENCE LABORATORY RIEORT: MSL-68-13

)2 EXPERIMENTAL TECHNIOQUE: A
DATA REDUCTION METHOD : A

3) NOMINAL UNCERTAINTIES ARE: ISIOUS)/US a .005 AND (SIO.U)/U a .0005
4) POISSONS RATIO - 0.332 . YIELD STRENGTH a 3.Z KBAR

ULTIMATE TENSILE STRENOTH - 4.7 KBAR
ULTIMATE TENSILE STRENGTH - 4.7 KWAR

1un06/ 14177
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n9-- 15
202% ALUMINUM *1

¢U 3,8 - 4.9

MO 1.2- 1.3
M 0.3 - 0.9
FE 0,=5
51 0,=5

ZN 0.25
CR 0.1

VO * 0.3585-0.3591 CC/O CL w 6.39 KI/SEC CC 5.25 KM/SEC

CS a 3.15 KM/SEC

IN THIE TABLES BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PRESSIJR IN KILOAR

AND DENSITY IN G'CC. THE IMPACTOR IS THE STANDARD.

TABLE I

(------------- -SA MPLE . -------------------.-----STANDARD

RHO1 US UP P V/Vo MATERIAL

2.785 6.02 0.50 84. 0.9169 2024 AL

2.795 6.10 0.50 85. 0.9180 20?. AL.

2.785 6.05 0.51 as. 0.9157 2024 AL

2.782 6.16 0.67 115. 0.8912 202% AL

a.785 6.35 0.77 136. 0.8787 20o4 AL

2.782 6.49 0.86 155. 0.8675 a024 AL
2.785 6.52 0.87 150. 0.9666l 202. AL

2.782 6.61 0.97 178. G.8533 020? AL
2.789 6.86 1.15 220. 0.8324 20o AL
2.789 6.89 1.16 223. 0.8316 20?N AL

2.780 6.91 1.16 223. 0.8321 2024 AL

2..789 6.86 1.21 232. 0.8238 202. AL

e.7•9 7.27 1.43 290. 0.7033 20N AL

2.789 7.33 1.50 323. 0.7844 2024 AL

2.'789 7.51 1.0 338. 0.7043 2024 AL

2.789 7.68 1,72 360. 0.7760 2024 AL

2.789 7.66 1.77 378. 0.7608 2024 AL

2.789 7.80 1.73 367. 0.7724 a024 AL

2.799 7.77 1.81 390. 0.7671 2024 AL

2.789 7.69 3.65 397. 0.5420N AL

2.779 7.97 1.1 %32. 0.7553 2024 AL

2.789 8.13 2.13 1683. 0.7310 2024 AL

2.789 6.33 2.16 502. 0.7407 a024 AL

2.789 8.23 2.21 507. 0.7315 2024 AL

2.779 8.40 2.31 539. 0.7250 2024 AL

2.789 8.53 2.45 583. 0.7128 2024 AL

2.799 8.83 2.59 631A. 0.7067 202^1 AL

2.799 8.76 2.60 635. 0.7032 101'. AL

2.799 8.80 2-65 $s0. 0.696 M0AI AL
2.789 9.14 2.81 719. 0.6915 202N AL

a.789 9.40 8.99 7.4. 0.6019 202N L.

U06/14 / 77
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2014 ALUUMINUM I

IO us UP P V/VO MATERIAL

2.799 9.67 3.2a 8O8. 0.6670 2024. AL
(2.789 9.64 3.a9 985. 0.8557 202-4 AL

".2.7 "/'/8 9.87 3.4Z 938. 0.6535 2024 AL
?. T7 10.39 3.7a 1053. 0.6349 2024 AL2.789 10.37 3.75 1095. 0.6384 2024 AL

US .. 5,329 1 l.338*UP KM/SEC HUOONIOT FIT ADOPTED BY THE SOURCE:
"COIPARISON LEAST SQUARE FITS:

US a AO * AI'UP KM/SEC
AO - 5.343 KM/5EC SIG AO a 0.022 KM/SEC
At a 1.325 - SIG A) ' 0.010 -

SIG US - 0.058 -

TABLE I

---------------- SAMPLE -------------------- -------- STANAIDARD-

(RH1O US UP P V/VO MATERIAL US(ST)

2.784 6.00 0.50 84. 0.9167 921-T AL 5.76
2.783 5.95 0.51 84. 0.9143 921-T AL 5.77
2.784 5.95 0.5,1 84 0.9143 921-T AL 5.77
2.785 6.12 0.61 104. 0.9003 921-T AL 5.91
2.785 6.10 0.61 104. 0.9000 921-T AL 5.91
2.785 6.53 0.93 165. 0.8606 923-T AL 6.34
2.785 8.53 0.91 165. 0,8606 921-T AL 6.34

2.784 8.56 0.98 179. 0.8506 921-T AL 6.43
2.784 6.51 0.99 179. 0.8479 921-T AL 6.4%
2.780 6.49 0.99 179. 0.8475 921-T AL 6.44
2.785 6.95 31.26 2'44. 0.8187 921-T AL 6.83
2.777 6.94 1.26 24.3. 0.818. 291-T AL 6.83
2.784 6.94 1.29 247. 0.8156 921-T AL 6.86
2.791 7.61 1.73 368. 0.7727 921-T AL 7.49
2.781 7.61 3.73 366. 0.7727 921-T AL 7.49
2.784 7.62 1.74 359. 0.7717 921-T AL 7.5a
2.783 8.70 2.47 598. 0.7161 023-T AL 8.V4
2.783 8.62 2.46 595. 0.7123 921-T AL 9.54
2.781 9.60 3.18 849. 0.6887 921-T AL 9.53
2.781 9.55 3.19 847. 0.6680 921-T AL 9.53
2.779 9.62 3.27 074. 0.6601 921-T AL 9.65
2.781 9.90 3.40 938. 0.6573 921-T AL 9.94
2.781 9.87 3.43 938. 0.045 921-1 AL 9.94

US a AO + AI*LIP KM/SEC
AG a 5.253 KM/SEC SIG AO - 0.0O0 KM/SEC
AI a 1.357 SIG At a 0.010 -

SIG US • 0.050 -

TAKLE III

U06/ 14/77
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---------.. ---- -SAMPLE ------------------- "....STANOARD -----

RHOO up P V/VO MATERIAL US(S1)

0.959 cu4.24
2.794 5.91 0.29 45. 0.9 Cu 4.

2.784 5.78 0.26 45. 0.9518 CU 4.2

" 2.784 6.02 0.44 74. 0.9269 cu 4.41

2.782 6.05 0.47 79. 0.9223 Cu 4.45

2.794 6.23 0.65 113. 0.807 Cu 4.64

Z.782 8.29 0.68 119. 0.8917 CU 4.67

2.78M 6.37 0.72 120. 0.9970 Cu 4.72

2.784 6.32 0.73 129. 0.8845 Cu 4.72

8.794 6.31 0.73 120. 0,8943 Cu 4.72

2.783 6.39 0.78 139. 0.9779 CU 4.76

2.784 6.52 0.86 I56. 0.81 CU 4.90

2.782 6.59 0.89 163. 0.8649 Cu 4.90

2.794 6.59 0.90 365. 0.8634 Cu 4.91

2.784 6.58 0.90 165. 0.9634 Cu 4.93

2.782 6.56 0.97 390. 0.8544 Cu 4.98

2.782 7.06 1.32 259. 0.8130 Cu 5.37

2.781 7.09 1.35 266. 0.8096 Cu 5.40

2.782 7.22 3.38 277. 0.9089 CU 5.44

2.785 7.16 1.44 287. 0.7989 cu 5.49

2.782 7.21 1.45 291. 0.7989 Cu 5.51
S2.782 7.95 3.85 406. 0.7631 cu 5.97

2.782 8.11 2.09 472. 0.7423 Cu 6.23

2.791 9.09 2.10 472. 0.7401 Cu 6.22

2.782 8.36 2.33 542. 0.7213 CU 6.48

2.785 8.42 2.33 546. 0.7233 Cu 6.49

2.784 8.44 2.37 557. 0.7192 Cu 6.53 3;

2.781 8.57 2.45 584. 0.7141 Cu 6.62

2.782 8.75 2.60 633. 0.7029 cu 6.79

2.782 8.91 2.73 677. 0.6936 cu 6.93

2.782 8.92 2.74 680. 0.6928 cu 6.94

2.792 9.23 2.93 752. 0.6826 cu 7.16

2.782 9.77 3.35 913. 0.6571 Cu 7.6Z

2.790 9.75 3.38 911. 0.6554 Cu 7.63

2.780 9.80 3.38 921. 0.6"1 CU 7.65

2.782 9.75 3.38 917. 0.6533 Cu 7.65

2.782 9.92 3.39 926. 0.6548 cu 7.67

2.780 10.04 3.6 1010. 0.6394 cu 7.92

2.784 10.24 3.63 1035. 0.6455 Cu 7.95

US - AO * AIOUP KM/SEC
AO - 5.390 KM/SEC SIG Al -0.004 KOVSEC
A333 .2=96 " SIOA -l"0.007 -

0SI US m 0.044 -

TABLE IV

""--------------- SAMPLE ------------------------- STANOARD-----

RHOO US UP P V/VO MATERIAL US(ST)

2.704 6.81 0.95 175. 0.95.A65 FE 4.93

2.764 6.61 0.95 175. 0.81 FE 4.03

2.704 7.14 3.36 170. 0.8095 FE 5.49

uoe/14/71
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20aq ALUM4INUM

R4O0 us VP P V/VO MATERIAL US(ST)

2.784 7.14 1.36 270. 0.8095 FE 5.49

2.784 8.15 2.5 4988. 0.736e FE 6.53

2.784 8.15 2.15 489. 0.7362 FE 5.53

2.784 8.85 2.64 650. 0.7017 FE 7.15

a.784 9.90 2.6' 1627. 0.2455 FE 7.15

2.794 9.76 3.24 880. 0.6680 FE 7.90

2.784 9.43 3.27 858. 0.6532 FE 7.90

2.794 9.76 3.29 86. 0.669 FE 7.95

2.704 9.72 3.30 893. 0.6605 FE 7.96

2.784 9.67 3.38 910. 0.6505 FE 8.05

2.784 9.51 3.39 907. 0.6472 FE 8.05

2.784 10.46 3.77 1098. 0.6396 FE 8.54

2.784 10.41 3.78 1095. 0.6369 FE 0.54

2.784 10.43 3.78 1098. 0.6376 FE 8.54

2.784 10.34 3.79 1091. 0.6335 FE 8.54

US -AO + AI*UP KM/SEC
AO a 5.333 KM/SEC 510 AO - 0.07' KM/SEC

"Al - 1.323 - SIG Al - 0.025 -

SIG US a 0.106 -

TABLE V

--- ---------------- SAMPLE -------------------- ----- STANOAROD----

RHOO US UP P V/VO MATER;AL US(ST)

2.782 6.26 0.63 120. 0.0994 TU-3 MO 3.20

( 2.782 6.23 0.63 109. 0.899m TU-3 MO 320

2.784 6.36 0.79 140. 0.8758 TU-3 73 3.37

2.782 6.46 0.80 144. 0.8762 TU-3 HO 3.38

2.782 6.39 0.80 142. 0.8748 TU-3 MO 3.38

2.782 6.82 1.08 205. 0.8416 TU-3 MO 3.66

2.784 6.84 1.12 213. 0.8363 TU-3 MO 3.70

2.784 7.01 1.22 238. 0.8260 TU-3 MO 3.81

2.785 7.69 i.7' 373. 0.7737 TU-3 MO 4.34

2.784 7.76 1.78 385. 0.7706 TU-3 MO 4.38

2.785 7.77 1.94 420. 0.7503 TU-3 MO 4.53

I2 2.782 8.05 1.95 437. 0.7578 TU-3 MO 4.56

2.792 8.01 1.96 437. 0.7553 TU-3 MO 4.56

2.784 9.24 2.97 764. 0."6786 TU-3 MO 5.59

2.784 10.39 3.71 1073. 0.6429 TU-3 MO 6.35

2.789 10.14 3,73 1055. 0.6321 TU-3 MO 6.35

US w AO * AI.UP KM/SEC

AO - 5.393 KM/SEC $10 AO - 0.038 KM/SEC

Al - 1.30, - SIo Al - 0.020 -
Dso US a 0.078 -

U06/14'77
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TABLE VI

--------------- SAMPLE --------------------- - ----- STANDARD- -

AR1.0 US UP P V/vO MATERIAL US(ST)

2.571 4.70 0.7a 88. 0.4S4 202N AL 6.17 ,

2.647 5.36 1.00 142. 0.8134 8024 AL 6.53 3

2.52• 5.16 1.03 134. 0.8004 202 AL 6.52

2.575 5.98 1.33 205. 0.7776 2024 AL 6.94 L
2.566 6.85 1.76 309. 0.7431 20a% AL 7.52

2.532 6.00 1.92 298. 0.6800 2024 AL 7.58

2.472 6.93 1.99 341. 0.7120 2024 AL 7.75

2.55'4 7.55 2.23 430. 0.7045 208% AL 8.12

2.465 7.91 2.58 503. 0.6738 2024 AL 8.52

2.554 8.32 2.70 574. 0.6755 2024 AL 8.74

2.605 8.37 2.79 608. 0.6667 8024 AL 8987

2.503 8.81 3.03 690. 0.6561 2024 AL 9.19

2.506 8.72 3.05 666. 0.66W2 2024 AL 9.17

2.603 9.09 3.23 764. 0.6447 2024 AL 9.47

2.535 9.15 3.30 765. 0.6393 2024 AL 9.52

2.585 9.59 3.55 880. 0.629m 2024 AL 9.89

2.543 9.58 3.59 875. 0.6253 2024 AL 9.90

2.5Z2 9.54 3.62 871. 0.6205 2024 AL 9.92

2.510 9.63 3.64 880. 0.6220 2024 AL 9.95

2.631 9.84 3.73 966. 0.6209 2024 AL 10.15

2.618 9.84 3.80 979. 0.6138 2024 AL 10.22

2.617 9.90 3.82 990. 0.6'41 2024 AL 10.25

Us-

TABLE VII

-----------(-- SAMPLE.--------------------------. STANDARD -----

RHO0 us UP P V/vO MATERIAL US(STI

2.241 3.47 0.85 66. 0.7550 2024 AL 6.17

2.261 4.30 1.14 I1 . 0.7349 2024 AL 6.52

2.183 4.10 1.18 306. 0.7122 2024 AL 6.53

2.062 4.89 1.55 156. 0.6830 2024 AL 6.94

2.271 6.12 1.93 268. 0.6046 2024 AL 7.52

2.136 6.54 3.98 277. 0.6972 2024 AL 7.58
2. 247 6.40 8.12 305. 0.8687 202m AL 7.75

2.193 6.90 2.44 369. 0.6464 2024 AL 8.12

2.260 7.63 2.70 4656. 0.6461 2024 AL 8.52

2.266 7.91 2.86 516. 0.6359 2024 AL 8.74

2.106 7.68 3.04 5•4. 0.6142 2024 AL 8.87

2.301 0.47 3.21 626. 0.6210 2024 AL 9.19

2.203 8.30 3.26 596. 0.5072 2024 AL 9.17

2.280 8.53 3.48 677. 0.500 2024 AL 9.47

2.196 9.60 3.53 603. 0.5999 20•4 AL 9.52

2.287 9.27 3.77 799. 0.5933 2024 AL 9.89

2.200 9.27 3.83 7"4. 0.5068 2024 AL 9.90

2.217 9.26 3.84 796. O.5053 2024 AL 9.91

e.229 9.26 3.86 796. 0.5W.1 2028 AL 9.95

2.211 9.64 4.01 M. 0.5940 202, AL 10.15

SUO•/It477
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zO04 ALUMINUM

.Rm us UP P V/VO MATERIAL US(STI

2.E65 9.65 4.04 883. 0.5813 2024 AL 10. 2

2.( 2.9 9.57 4.06 899. 0.5759 EON4 AL 10.15

LIS-

TABLE VIII

------------------------------SAMPLE---------- -- sADR---

RHO0 us UP vivO MATERIAL US(ST)

I.993 1.91 0.92 53. 0.6538 2024 AL 6.17

S.95" •2.77 0.93 50. 0.6643 202% AL 6.16
1.968 3.62 1.85 99. 0.654" 202 AL 6.52
1.929 3.62 1.27 89. 0.5497 202- AL 6.53
1.908 6 .40 1.64 138. 0.6273 2084 AL 6.94

2.010 5.52 2.07 234. 0.6317 202% AL 7.52

(1.970 5.49 2.16 234. 0.6066 202. AL 7.59

1l .995 5.99 2.26 270. 0.6227 2024 AL 7.75
1.981 6.61 2.57 337. 0.6112 2024 AL 8.12

1.916 7.05 2.94 397. 0.5830 2024 AL 8.57

1.959 7.47 3.09 452. 0.5863 202 AL 8.7%

1.980 .7.6 3.25 462. 0.5701 2024 AL 8.87

2.019 8.00 3.40 5'•9. 0.5750 2024 AL 9.17
2.037 8.0% 3.42 560. 0. 5746 2024 AL 9.19

1.933 8.48 3.69 605. 0.5689 2024 AL 9.47

1.888 8.38 3.78 598. 0.5489 2024 AL 9.52

2.06o5 8.92 3.99 735. 0.5527 2024 AL 9.90

1.996 9.02 4.01 722. 0.5554 202 AL 9.90

1.983 9.03 4.06 727. 0.5504 2024 AL 9.95

1.825 8.76 4.15 663. 0.5263 2024 AL 9.89

1.916 9.16 4.29 753. 0.531'? 2024 AL 10.15
1.951 9.32 4.33 797. 0.5354 2024 AL 10.E5
1.899 9.25 4.3 766. 0.5286 2024 AL 10.22

Us-

TABLE IX

----------------------------------- SML ------------------ ----- STANDARD---

RHOO US UP P V/VO MATERIAL US(ST)

e I.859 2.47 0.98 40. 0.6032 202% AL 6.16C 1.622 1.31 1.01 39. 0.5628 2024 AL 6.17

1.699 3.33 1.34 76. 0.5976 202% AL 6.-53

1.616 •.sJ 1.36 67. 0.6359 202 AL 8.52

1.640 4.05 1.75 117. 0.68"9 2 AL 6.94
1.663 5.1 e 2.25 193. 0.6631 E024 AL 7.52
1.667 5.13 2.31 N00. 0.5497 2024 AL 7.58
1.686 5. 2.5 1 . 0.56W6 E024 AL 7.75

U06/14'177
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2084 ALUMINUM

RHO0 US UP P ViVO MATERIAL US(ST)

1.700 6.86 e.7', 898. 0.5623 202.4 AL 8.1e
1.6a1 6.68 3,l8 3'46. 0.5329 202'. AL 8.52
1.671 7.09 3.30 391. 0.5346 2024 AL 8.7'.

1,667 7.41 3.38 423. 0.5439 2024 AL 8.87
1.6805 7.60 3.67 4.70. 0.5171 2024 AL 9.17
1.691 7.74 3.67 480. 0.52 m 2024 AL 9.19
1.857 8.18 3.92 531. 0.520w 2024 AL 9.47

1-656 8.80 3.97 539. 0.5159 e20 AL 1.52
1.707 93.76 4.8' 634. 0.5160 2024 AL 9.89
1.596 9.71 4.35 505. 0.5006 2024 AL 9.90
1.603 8.65 4.37 606. 0.4949 2024 AL 9.92
1.544 8.64. 4.45 594. 0.4850 202 AL 9.95
1.673 9.00 4.tO 678. 0.5000 2024 AL 10.15
1.713 9.0a 4.54 701. 0.4967 2024 AL 10.22
1.594 9.12 4.57 706. 0.4989 ?02. AL 10.25

US-

COMIMfENTS:

Ii SOURCE: HCQUEEN. R.G.. MARSH. S.P., TAYLOR. J.W., FRITZ. J.M..
AND CARTER. N.J.
TIE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA. KINSLOW (ED.) (ACAOEMIC
PRESS, NEW YORK. 19701 CHAPTER VII

a) EXPERIMENTAL TECHNIQUE : I B
DATA REOUCTION TECHNIQUE: A (TABLE I) BI'HE RESTI

S3) TABLE I IS THE HUJONIOT OBTAINED WITH SYMMETRIC ItPACT. TABLE II
THRO"UG V CHECK THE INTERNAL CONSISTENCY OF THE SYMMETrRIC IMPACT
I&UGONIOTS OF CU. FE U-MO ALLOY AND 921T AL.

4) THE GRUNEISCN GAMIIA OF 2.00 (a GAM) WITH THE ASSUMPTION THAT RHOO.GAM
* CONSTANT REPRESENTS THE BEHAVIOR OF THE POROUS SAMPLES. ALSO GIVEN
ARE tDV/OT)/V-6.S4 E-5 PER DEG. ANO CP - 0.879 JOULES PER 0. DEG.

5) ILGONIOT ELASTIC LIMIT 5.4 KBAR.
6) THE 921-T AL PLATE STOCK USED TO OBTAIN THE CROSS CHECK DATA IN

TABLE I IS SLIGHTLY POROUS.

U06/14/77
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29---16
"9WIT ALLUMINUT

AL RS
ZN 0.1 - i. WT. PERCENT
CU 3. - 4. NT. PERCENT
I 1.1 -1.35 T• . PERCENT

FE 1.0 MAX WT. PERCENT
MN 0.5 MAX WT. PERCENT
MG 0.3 - 0.7 WT. PERCENT
CR 0.15 MAX WT. PERCENT
TI 0.15 IMAX WT. PERCENT

VO - 0.3519 - 0.3559 CC/G CL - 6.3' 101/SEC CO C 5.20 KM/SEC
CS a 3.14 KM/SEC

IN THE TABLES BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSLwI IN KILOBAR
ANO DENSITY IN GiCC. THE IMPACTOR It THE STANDARD.

------------ SAM --TABLE I STANDARD -

RHO10 US UP P V/VO MAIERIAL

2.810 5.72 0.50 80. 0.9126 WIT AL
2.810 5.74 0.53 85. 0.9077 921T AL
"2.010 5.98 0.63 106. 0.894J6 921T AL
8.811 5.98 0.65 107. 0.895 M921T AL
2.8-9 6.7a 1.19 226. 0.8229 921T AL
2.-w8 7.0'. 1.40 279. 0.8011 921T AL
a.826 7.16 1.49 303 0.7925 921? AL
Z.820 7.21 1.57 320. 0.782a WIT AL
2.828 7.42 1.63 342. 0.7803 921? AL
2.82 7.42 1.63 342. 0.7803 WJIT AL
2.828 7.73 1.88 407. 0.75N 92IT AL
2.829 8.06 2.13 486. 0.7/57 SIT AL
2.829 8.09 2.13 487. 0.7387 SkIT AL
2.826 9.35 2.28 538. 0.7m-9 92.T AL.
2.82• 6.%2 2.40 571. 0.7150 W2?T AL
2.826 6.51 2.44 567. 0.7133 9S1T AL
2.926 9.07 2.87 736. 0.6s6m 9IT AL
2.862• 9.39 3.09 620. 0.6706 9WIT AL
2.826 9.40 3.10 9240. 0.6702 92IT AL

US - 5.041 * 1.420*UP KM/SEC HUOONIOT FIT ADOPTED BY TIE SOURCE
COMPARISON LEAST SCUARE tITSr

US a AO * AI*UP KMISEC
AO - 5.036 KM/SEC SI1 AO * 0.027 KM/SEC
At a 1.420 - SIG AI a 0.013 -

SIG US - 0.049 -

TABLE II

S~~UOS/14177?'
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-----------------SA-LE .---------------------- 
---- -STANDARD ...

R-O00 US UP P VIVO MATERIAL US(ST)

*.812 5.46 0.35 54. 0.9359 202.4 AL 5.79

( 2.812 5.1 0.35 54. .0.9365 2024 AL 5.79

8.838 5.69 0.46 74 0.9192 2024 AL 5.94
8.912 5.78 0.46 .75. 0.9204 208. AL. 5.94

a . 139 g?042024 AL 5.98
2.812 5.78 0.47 76. 0.93a.012 5.75• 0.4.7 .76. 0.9183 2024 AL 5.95

2.912 5.71 0.46 77. 0.9159 2024 AL 5.96

2.814 5.75 0.49 79. 0.9149 2024 AL 5.98

2.812 5.83 0.49 s0. 0.9160 2024 AL 5.98

2.812 6.03 0.5'4 l09. 0.8939 2024 AL 6.19

2.912 6.33 0.86 153. 0.1041 2024 AL 6.49

2.842 6.37 0.90 163. 0.8587 2024 AL 6.53

2.814 6.48 0.90 163. 0.8598 2084 AL 6.53

2.842 6.39 0.91 165. 0.8576 2084 AL 6.55
2.842 6.37 0.91 165. 0.8871 2024 AL 6.55
2.942 6..76 1.15 221. 0.7.99 2024 AL 6.97

2.8 6.74 1.15 Z20. 098294 2024 AL 6.872.842. 0. 9174 2,02,4 A L- 6 -8"7

2.814 6.57 1.20 222. 7.97
.842. 7.38 1.61 336. 0.7810 8024 AL 7.49

( 2.814 7.47 1.68 349. 0.77'0 2024 AL 7.48

2.842 8.45 2.34 562. 0.7231 AL024 AL 7. 5

2.842 9.42 2.34 560. 0.7221 2024 AL 9.48

2.803 8.82 2.65 655. 0.6995 2024 AL -. 48

8.842 g.34 3.02 802. 0.6767 2024 AL .897

Z.842 9.33 3.03 803. 0.6712 2024 AL 9.40

2.842 9.68 3.289 90. 0,6612 024 AL 9.409

2.842 9.67 3.28 90s. 0.6608 2024 AL 9.74

2.838 9.71 3.38 931. 0.6539 2024 AL 9.18

a.938 10.21 3.68 106. 0.6396 2024 AL 0.28

US - AO + AI'UP iOIiSEC
AO - 5.089 Km/SEC SIO AO - 0.021 KMISEC

Al a 1.400 - SIG Al a 0.011 -
SIG US - 0.065

TABLE III

A------------------- SA -------------------- ------ STANODARD----

RFHOO US UP P V/vO MATERIAL US1ST)

2.938 5.2 0. 29 44. 0.9493 CU 4.24

2.842 5.8a 0.47 78. 0.9196 CU 4.45

2.914 6.19 0.72 125. 0.8837 CU 4.72

.838 6.17 0..73 128. 0.881" CU 4.72
2.914 6.17 0.73 127. 0.8017 Cu 4.72

S2.938 6. 19 0.7" 130. 0.8805 Cu 4.73
2.913 6.03 0.78 138. 0.8760 CU 4.79
2.842 6.40 O.W9 162. 0.8609 Cu 4.90

2.838 6.40 a.9l 363. 0.8594 Cu 4.91

2.638 6.40 0.90 163. 0.8584 CU 4.91

P.622 6.63 0.97 1"7. 0.8815 Cu 4.90

Z.W84 6.9• 1. 261. 0.6101 Cu 5.31

UGS' 104/77



PAOE 107

921T ALUMIIINUM'

LOO0 US UP P V/VO MATERIAL US(ST)

2.842 7.05 1.38 276. 0.8043 Cu 5.44

2.914 "7.08 1.44 287. 0.7956 Cu 5.49

2.822 7.22 1.44 293. 0.8006 Cu 5.51

2.8&42 7.70 1.86 407. 0.7584 Cu 5.97

2.822 8.06 2.09 475. 0.7407 Cu 6.23

2.842 8.27 2.32 545. 0.7195 Cu 6.48

2.814 8.36 2.33 548. 0.7213 cu 6.49

2.812 8.28 2.51 584. 0.6969 CU 6.66

2.842 8.69 2.59 640. 0.7020 Cu 6.79

2.842 .8.2 2.73 684. 0.6905 Cu 6.93

2.842 8.81 2.73 684. 0.6901 Cu 6.94

2.8W2 9.15 2.93 757. fl.6798 Cu 7.16

2.842 9.75 3.33 923. 0.6585 cu 7.62

2.8?2 9.66 3.37 919. 0.6511 cu 7.65

2.842 9.76 3.38 938. 0.6537 Cu 7.67

US - AO * AILUP KM/SEC
AO a 5.207 K1/SEC SIG AO a 0.027 KM/SEC

Al - 1.333 - SI1 Al a 0.014 -

SIG US-a 0.069 -

TABLE IV

--------------SAMPLE -------------------------- STANDARD-----

RHOO US UP P ViVO MATERIAL US(ST)

2.838 6.49 0.95 75. 0.8536 FE 4.93

( 2.838 7.08 1.36 273. 0.8079 5.49

2.838 8.16 2.14 496. 0.7377 FE 6.53

2.838. 9.59 3.24 882. 0.6621 FE 7.90

1.838 9.73 3.28 587. 0.6629 FE 7.96

2.838 9.75 3.36 930. 0.6554 FE 8.05

2.838 10.35 3.76 1104. 0.6367 FE 8.54

2.838 10.30 3.77 1102. 0.6340 FE 8.51

US - AO * AIOUP K1'/SEC
AO w 5.218 a4i/SEC. S10 AO - 0.044 KM'SEC

Al - 1.355 - SIG Al - 0.015 -
SIG US w 0.045 -

TABLE V

------- E--------SAPE ------------------- -- S7ANOARO---

RHOO US UP P V/VO MATERIAL US(ST)

2.612 6.29 0.79 140. 0.8"41 TU-3 MO 3.37

e.SII 6.30 0.79 140. 0.8746 TU-3 MO 3.37

e.818 6.76 1.12 213. 0.8343 TU-3 MO 3.70

UOWi41477



PAGE 307

921T ALLU.I,-I

RHOO us UP p VIVO MATERIAL US(ST) V

2.842 7.05 1.38 276. 0.8043 Cu 5.44

(2.914 7.0 1.44 287. 0.7966 Cu 5.49
2'.82? 7.22 1 .44 293. 0.9005 cu 5.51•

2.842 7.70 1.86 407. 0.7584 Cu 5.97

2.822 8.06 2.09 475. 0.7407 cu 6.23

2.842 8.27 2.32 545. 0.7195 Cu 6.48

2.814 8.35 2.33 548. 0.7213 Cu 5.49

2.812 8.29 2.51 584. 0.6969 Cu 6.66

2.842 8.69 2.59 640. 0.7020 Cu 6.79

2.842 8.82 2.73 664. 0.6905 Cu 6.93

2.842 8.81 2.73 684. 0.6901 Cu 6.94

2.822 9.15 2.93 757. 0.67J8 CU 7.16

2.84Z 9.75 3.33 923. 0.6585 Cu 7.62

2.892 9.66 3.37 919. 0.6511 Cu 7.65

2.842 9.76 3.38 938. 0.6537 Cu 7.67

US AO * AIIUP KM/SEC
AO - 5.207 KM/SEC SIG AO - 0.027 1I0/SEC

At - 1.333 - SIG A] a 0.014 -

SIG US - 0.069 -

TABLE IV

- --. -----------. SAMPLE -------------------- ----- S TANDARD - ----

RHOO US UP P V/VO MATERIAL US(ST)

2.838 6.49 0.95 175. 0.8536 FE 4.93

2.838 7.08 1.36 273. 0.8079 5.49

2.838 8.16 2.14 496. 0.7377 FE 6.53

2.838 8.73 2.64 654. 0.6976 FE 7.15

2.838. 9.59 3.21. 882. 0.6621 FE 7.90

I .838 9.73 3.28 587. 0.6629 FE 7.96

2.838 9.75 3.36 930. 0.6554 FE 8.05

2.838 10.35 3.76 1104. 0.6367 FE 8.54

2.838 10.30 3.77 1102. 0.6340 FE 8.54

US a AO + AIULP KM/SEC
AO a 5.218 K0'/SEC SIG AO - 0.044 K10/SEC
At ,, 1.356 -SIG AI a-0.015 "

SIG US - 0.045 "

TABLE V

----------------- SAMPLE ------------------- - -TANDARD-----

RHOO US UP P V/VO MATERIAL US(ST)

2.81a 6.s9 0.79 140. 0.8744 TU-3 M10 3.37

2.8l2 6.30 0.79 140. 0.8746 TU-3 MO 3.37

2.813 6.76 3.18 213, 0.8343 TU-3 HO 3.70

UO6/141T77
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921T ALUMINUM

RHOO US UP P V/VO MATERIAL US(ST)

2.812 8."7 1.22 236. 0.922' TU-3 MO 3.81
82.812 .88 1.22 236. 0.8227 TU-3 MO 3.81

a.914 7.2 1.74 373. 0,7717 TU-3 MO0 4.34

2.814 7.60 .74' 372. 0.7711 TU-3 MO 4.34
Z.838 7.79 1.77 391. 0.7728 TU-3 3O 4.38
*.838 7.70 3.77 387. 0.7701 TU-3 MO 4.38
2.814 7.94 1.92 429. 0.75•82 TU-3 310 4.53
2.814 7.88 1.93 428. 0.7551 TU-3 M0 4.53
2.838 9.3a 2.97 769. 0.6743 TU-3 MO 5.59
Z.838 9.30 2.97 767. 0.6736 TU-O MO 5.59
2.838 10.07 3.72 1063. 0.6306 1U-3 M10 6.35

US a AD + AIOUP "M/SEC
AD - 5.358 KMISEC SIG AD - 0.052 KM/SEC
Al a 1.282 - 510 Al a 0.026 -

SIG US a 0.080 -

COMMENTS:

I) SOURCE: MCOUEEN. R.G., MARSH, S.P., TAYLOR. ,J.W.. FRITZ. J.M.,
AM) CARTER, W.,•.
THE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (ED.? (ACADEMIC
PRESS, NEW YORK. 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIOUE 8
DATA REDUCTION TECHNIOUE A (TABLE 1). 8 (THE REST)

3) TABLE I LISTS THE STANDARD HUGONIOT OBTAINED WITH SYMIMETRIC IMPACT.
TABLES II THROUGH V CHECK THE INTERNAL CONSISTENCY OF THE OTHER
STANDARDS OBTAINED WITH SYMMETRIC IMPACT.

4) ALSO GIVEN ARE V(OP/DE) - 2.10. (OV/DT)/V a 6.e7E-5 PER DEG AND
CP a 0.877 JOULES PER G. 0(E.

5) THE DESIGNATION 9WIT IS A PIONEER AIUMINUM NOT AN A.S.M. DESIGNATION
THE COMPOSITION WAS OBTAINED FROM WAYNE HERRIN. PIONEER ALUMINUM CO.

PRIVATE COMMUNICATION (1915).
6) THE 921-T AL PLATE STOCK USED IN TABLE I IS SOMEWHAT POROUS. THEV

PELLETS ON WHICH THE DATA IN TABLES 11 THROUGH V WERE OBTAINED ARE
MORE NEARLY IDEAL DE3PSITY

U06/14/77
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31---!
INOIUM
IN 99.9 PERCE:NT OR GREATER

II

(VO a 0.1376 CC/O
VOI a 0.1346 CC/O

IN THE TABLE :ELO,, VELOCITIES ARE GIVEN IN Mt/MICROSEC.,
PRESSURE IN KILOBARS. AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO

"7.27 3.745 0.7837 213.5 0.7907
- 3.965 0.9812 893 0.7525
- 4.346 1.281 .405 0.7054

US - 2.783 1 218 UP KtM/SEC SIGMA US - 0.4 PERCENT( , I

COMMENTS:

1) SOURCE: WALSH. J. H.. RICE. M. H., NCOUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (C19571
LOS ALAMOS SCIENTIFIC LABORATORY. GWIX-6, LOS ALAHOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE 1
DATA REDUCTION TECHNIQUE 9
STANDARD MATERIAL 24SI ALUMIIIUM

3) IMPURITIES WERE MEASUREO BY SPECTROCHEMICAL ANALYSIS.
4) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PER CENT IN
COMPRESSION AT A GIVEN PRESSiJURE.

C1 UDS' 1%/T
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31 --- 2
INDIUM

IN 99.5 PERCENT OR GREATER

VO 0.1374 CC/O. CO a 2.39 KM/SEC.
VO! 0.1346 CC/0. CO - 2.33 IKq/5£C.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MU/MICRO9EC.,
& PRESSURE IN KILOBARS AND DENSITIES IN O/CC.

*i TABLE

SAMPLE STANDARD

RH 0 US UP P V/VO RIO0 US

7.28 3.705 0.880 242.5 0.7675 8.934 5.040
- 4.214 1.176 360.8 0.7209 - 5.426
- 4.352 1.274 403.6 0.7073 - 5.556
- 5.346 1.881 732.1 0.6#61 - 6.387
- 5.397 1.886 741.0 0.6506 - 6.400
- 5.367 1.927 752.9 0.6410 - 6.443
- 6.172 2.420 1087.4 0.6079 - 7.133
- 6.526 2.675 1270.9 0.5901 - 7.482
- 6.945 2.988 1510.7 0.5698 - 7.910

US * 2.388 + I .552UP KM/SEC

COMMENTS:

I) SOURCE: HCOUEEN. R.G. AND HARSH. S.P.
REPORT NO. O.HX-6-566, PP. 51-62 (196)

LOS ALAMIOS SCIENTIFIC LABORATORY, OMX-6. LOS ALAMOS. N. HEX.
2) EXPERIMENTAL TECHNIQUE B

DATA REDUCTION TECHNIQUE B
STANDARO MATERIAL IS COPPER

3) THE COPPER HUOONIOT IS REPRESENTED BY
US a 3.958 4 1.497 UP KM/SEC.
THE PARTIAL (DE/OP)V - 0.0562 CUBIC CM.

4) VOl WAS TAKEN FROM THE AM. INST. OF PHYS. HANDOQOK (MCGRAW-HILL BOOK

CO.. N.Y.. 1963) 2NO ED.

U06/ 14077
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THALLIUM

TL 99.8 PER CENT OR GREATER

VO a 0=08446 CC/G.
Vol - 0.0S '54 CC/O.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IM MM/MICROWC.

PRESSURE IN KILOBARS. AND DENSITY IN 0/CC.

TABLE

RHOO US UP P VIVO

11.804 2.804 0.6416 213 0.77162
- 2.817 0.6386 213 0.7733
- 3.120 0.8446 312 0.7293
- 3.145 0.8406 313 0.7327

- 3.538 1.090 456.5 0.6919
- 3.541 1.089 456.5 0.6925

(US * 1.770 + 1.623 UP KM/SEC SIGMA US a 0.4 PERCENT

COMMLNTS:

11 SOURCE: WALSH. J.M., RICE. M.H.. MCQUEEN, R.G. AVD YARGER, F.L.

PHYS. REV.. VOL. 108. P. 169 FF. (1957)

LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMIOS, N. MEX.

2) EXPERIMENTAL TECHNIOUF.. 8
"DATA REDUCTION TECHNIOUE B
STANDARD MATERIAL 24.ST ALUINUMI

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A OIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PERCENT IN '

COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS

U06/1I4/77
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THALLIUM

TL.

SVO ,,0.0945 WeL. CO 1 .93 IKl/S

Vol 0.0944 CC/0

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MIVMICROSEC..
PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHO u.s UP P V/VO PRESSURE IN

BRASS STANDARD

1 !.8% 4.42 1.65 864 0.627 Sao

- 4.41 .65 862 0.625 BB
- 4.41 1.65 862 0.626 860
- 5.13 2.15 1305 0.581 1270
- 5.33 2.37 1515 0.560 1478

S- 5.40 a.37 1516 0.561 1479
- 5.40 2.37 1517 0.561 1478

US s 1.859 + 1.515 IP KM/SEC. SIGMA US - 0.63 PERCENT

COMIENTS:

1) SOURCE: MCOUEEN. R.G. AND MARSH. S.P.
J. APPL. PHYS.. VOL. 31, P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GlX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECH'NIQUE 9
DATA REDUCTION TE,.NIQU£E
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
6) VOl WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)

2ND ED.

U0614'77
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33---O

ZINC. SUMMARY

ZN

VO - O.1i0a CC/G
Vol& 0.1401 CC/G CO , 3.03 KMISEC

THE TABLE LISTS HJGNIOT POINTS CALCULATED FROM THE LEAST SOUARE FIT
GIVEN BELOW. DENSITY IS IN GICC, PRESSURE IN KBAR. VELOCITY IN KM/SEC
AND ENERGY DIFFERENCE IN KBAR.CC/O.

TABLE

RHOO uS UP P V/VO E-EO

7.135 3.963 0.6 170. 0.849 1.80
- 4.606 1.0 329. 0.783 5.00
- 5.240 1.4 523. 0.733 9.80
- 6.175 2.0 881. 0.676 20.0
- 7.693 3.0 1647. 0.610 45.0
- 9.158 4.0 2614. 0.563 80.0
- 11.932 6.0 510A. 0.497 180.

S14.497 8.0 8275. 0.448 3X0.

US - 2.984 + 1.649"UP - 0.0261-UP-2. SIG.US - 0.11 KM/SEC.
FOR UP gETWEEN 0.6 AND 8. Kt/SEC.

COMMENTS:

1) SOURCE: COMPILER
DATA FROM 33---1.2.3 AND 4 WERE USED FOR THE LEAST SOUARE FIT

2) IF 33---3 TABLE I DATA ARE EXCLUDJED THE DATA SUGGEST THAT THE BEST
FIT IS 09TAINEODFRO" TWO STRAIGHT LINES. ADDITION OF TABLE I DATA
INDICATES THAT THI UNCERTAINTY AT PRESSURES ABOVE 2 MBAR IS TOO

LARGE TO RESOLVE THAT OUESTION.
3) VOl WAS CALCULATED FROM LATTICE CONSTANTS GIVEN BY WYCKOFF. CRYSTAL

STRUCTURES VOL. I (INTERSCIENCE P=... N. Y. 1963).

U06/ 14/77 )
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33---1

ZINC

ZN 99.8 OR GREATER

V aVO. 140e cC,0
VOal 0.1401 CCfO.

IN T•E TABLE BELOW, VELOCITIES ARE GIVEN IN MI/MICROSC.
PRESSURE IN KILOBARS, AND DENSITY IN G/CC.

TABLE

RHOO US .SS UP P V/VO

7.135 5.014 Z.519 1.250 447 0.7507
- 4.870 1.190 414 0.75W5
- 4.481 1.795 0.88 281..4 0.8036
- 4.450 1,86 0,89g M:3.9 0.7991
- 4.053 1.355 0.650 188.0 0.8396
- 4.13 0.673 198.3 0.8370
- 4.02Z 1.295 0.630 190.8 0.8434

US5 - 3.073 + 1.542 UP K20/SEC SIGMA US - 0.8 PERCENT

COMMENTS:

1) SOURCE: WALS.H. J. IM., RICE. H. H.. HCQUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 109. P. 169 FF. (1957)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

21 EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIIUE 8
STANDARD MATERIAL 24ST ALUMIIINU

3) THE TOTAL SPREAD IN SHOCK VELOCITIES AT HIGH PRESSURES WAS I PER CENT
AND THE SPREAD IN SHOCK VELOCITIES FOR PRESSURES BELOW 200 KILOBARS
WAS 1.5 PERCENT.

4) THREE ZINC CRYSTALS OF THE FOLLOUING ORIENTATION WERE USED ON EACH
SHOT:

A. THE SHOCK PROPAGATION DIRECTION ALONG THE C AXIS
B. THE SHOCK PROPAGCTION DIRECTION ALONG THE A AXIS
C. THE SHOCK PROPAGATION DIRECTION ISETWEEN TWO A AXES

5) WITHIN EXPERIMENTAL ERROR. THE RESULTS SHOW NO DEPENDENCE OF SHOCIC
VELOCITY UPON CRYSTALLOGRAPHIC ORIENTATION.

UWS 14/77
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ZINC

ZN

VO * 0.1401 CC/G CS - 3.03 KM/SEC
Vol - 0.1392 CC/O.

IN TIE TABLE BELOW VELOCITIES ARE GIVEN IN MII/MICROSEC..
PRESSURES IN KILOBARS AND DENSITY IN 0/CC.

TABLE

RHOG US UP P V/VO PRESSURE IN
BRASS STANDARD

7.14 5.81 1.90 745 0.690 853
- 5.82 1.80 7417 0.691 853
- 5.78 1.80 743 0.688 853
- 7.22 2.71 1394 0.625 1563
- 7.31 2.71 1416 0,631 1573
- 7.30 2.69 1403 0.631 1560

US * 3.050 * 1.559 UP KMISEC SIGMA US - 0.45 PERCENT

COMtMENTS:

1) SOURCE: MCQUEEN, R. G.. AND MARSH. S. P.
J. APPL. PHYS., VOL. 31, P. 153 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAHOS, N. MEX.

a) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL USED IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
2ND £0.

6) VOl 1IAS TAKEN FROM TIHE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)

UOI 14•17
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33--- 3
ZINC

ZN

SVo 0.101 CC/G. CO. 2.851 KM/SEC
VOl 0.1:39 CC/0

IN THE TABLES BELQW, VELOCITIES ARE 0IVEN IN KM/SEC.. PRESSURE IN
KILOBARS AND DENSITY IN O/CC. ST DESIGNATES TIE STANDARD MATERIAL USED
AS SAMPLE HOLDER IN TABLE I OR AS STRIKER (PROJECTILE PLATE) IN TABLE If
IN TABLE II UtST) REFERS TO THE TOTAL STRIKER VELOCITY BEFORE IMPACT

TABLE I

S - AM-L-----------E ---- - - HOLDER - - -

RHOO us UP P V/Vo ST USCST) UP(ST)

7.14 4 70 1.04 350 0.7813 FE 5.30 0.95
- 6.05 2.41 1179 0.6481 FE 7.53 2.24
- 9.90 4.54 3209 0.5414 FE 10.67' 4.260

IUS

TABLE I1

S- SAMPLE- -- - - --- STRIKER

RHO0 US UP P V/VO ST U(ST)

"7.14 6.30 2.12 954 0.5636 AL 5.60
- 7.92 2.98 1685 0.6234 FE 5.60
- 10.39 4.85 3596 0.5328 FE 9.10
- 14.19 7.78 7060 0.4517 FE 14.68

US - 3.449 + 1.4040UP OR US - ?.976 * I.667*UP - 0.032"UP"2 KM/SEC
SIO US - O.2O SIG US - 0.12

COMMENTS:

I) SOURCE: AL.TSHULER, L.V.. BAKANOVA. A.A. AM TRIUJNIN. R.F.
SOVIET PHYS.-JETP. VOL. 15. P. 65 (ISM)1

Vj J. EXPTL. THEORET. PHYS. (USSR) VOL. 42. P. 91. (196W1

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIOQU a.

3) TABLE I IS CORRECTED DATA H14HCH FIRST APPEARED IN THE SOVIET
PHYS.-JETP, VOL. 34. P. 614 (1958). THE 0 VALUES WERE CALCULATED FROM
"THE IRCON STRIKER VELOCITY OF 8.64 KM/SEC.

4) THE INACCURACY IN THE ODETERMINATION OF US IN TAK. It TO PRESSURES OF
4187 KILOSARS DID NOT EXCEED 1.0 PERCENT. EACH POINT IS THE AVERAGE
OF 4 TO 6 EXPERIMENTS.

51 THE UNCERTAINTY OF THE MEASURED VALUES IN THE LAST lN AM:

- UGS0' 14177
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I PERCENT IN US, OBTAINED FROM 6-8 EXPERIMENTS AND 1.5 PERCENT IN
UISTJ OBTAINED FROM I1 EXPERIMENTS

6) VOl WAS CALCULATEO FROM THE HEXAGONAL UNIT CELL WITH
A a 2.eM9O- AND C a 4.9351 ANGSTROM

AMERICAN INSTITUTE OF PHYSICS HANDBOOK (MCGRAW-HILL 1963) 2W ED.
7) CO IS GIVEN BY: K. M. SCHRAMIM. Z, METALKIJDC, VOL. 53. P. 729 (196W)
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33- --4
ZINC

ZN ;

V0 a 0.1403 CC/0
V01 a 0.1402 CC/0

IN THE TABLE BELOW. DENSITY IS GIVEN IN 0/CC. VELOCITIES IN 104SIEC,
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHOO US UFS UP P V/Vo PRESSURE

7.118 4.5! 1.83 0.89 m86 0.802 224
7.121 4.45 0.91 297 0.797 224
7.129 4.81 Z.26 1.13 387 0.765 291
7.138 4.69 2.26 1.13 378 0.76G 291

SUS - 3.44 1. 16 UP. K/SEC
SIGMA US -0.073 K/I/SEC

COMMENTS:

1) SOURCE: COMPILER
L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.( 2) EXPERIMENTAL TECHNI#4WE 8. (ALUMIIUtIM STANDARD BASE PLATE)

DATA RE7UCTION TECHNIGUE 8.
3) THE VALUE OF VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.

CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC., NEW YORK, N. Y.. 1963).

WSX/ 14/77
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"34 --- 0
CADMIUM, SUMMARY

co

( VQ I

VO a 0.1!157 CC/O
Vol,, O.1157 CC/0

THE TABLE LISTS THE HUGONIOT POINTS CALCULATED FROM THE LEAST SOUARE FIT
GIVEN BELOW. UNITS ARE: 0/CC, KM/SEC. KBAR AND KBAR.CC/G.

TABLE

FIT RHO0 US UP P V/VO E-EO

1 8.64 3.461 0.6 179 0.827 1.8
I - 4.124 1.0 356 0.758 5.0
I - 4.952 1.5 642 0.697 11.20
I - 5.781 2.0 999 0.654 20.0
I - 6.609 2.5 1428 0.622 31.25
I - 7.438 3.0 1928 0.597 45.0

2 - 8.713 4.0 3011 0.541 80.0
2 - 11.165 6.0 5788 0.463 180.0

2 - 13.617 8.0 9412 0.412 320.

US a 2.467 + 1.6570UP, SIG.US - 0.06 KMISEC
FOR UP BETWEEN 0.6 AND 3.0 KM/SEC

US - 3.809 ÷ 1.226'UP. SIG.UP a 0.04 KM/SEC
FOR UP BETWEEN 4 AND 8

COMME£NTS

1) SOURCE: COIPILER
IA) DATA FROM 34---1.2 AND 3 WERE USED FOR THIS FIT.
2) THE ACTUAL SHAPE OF THE HUGONIOT CURVE IS UNCERTAIN BETWEEN UP - 2.9

AND 4.3 KH/SLC. THE HIGHEST POINT ON THE FIRST FIT AND THE LONEST EX-
PERIHENTAL POINT ON THE SECOND FIT RESPECTIVELY.

U//
S~U0S/14'/77



TABLE

CADMIUM, SUMMARY
34 --- 0 .

( 14 x

13

12

6x

]2

11

( l0

9

Bx

ftc

RUP

i ( L t,•

• • •• •x[7



PAGE 120

w CADMIUM

co 99.8 PER CENT OR GREATER

VO -0.1157 CC/O. CL a 2.78 KM/SEC. CO - 2.17 KM/SEC.

Vol 0.1169 CC/G. CS a 1.50 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN IIM/MICROSVC

PRESSURE IN KILOBARS AND DENSITY IN O/CC.

TABLE

M US UFS UP P V/Va

8.64 3.599 1.464 0.690 214.4 0.8083
- 3.42t 1.277 0.619 382.9 0.8191
- 3.918 1.757 0.850 287.6 0.7830
- 4.450 2.496 1,190 457.3 0.7326

- 4.324 ?.400 1.120 418.a 0.7410

SUS a 2.379 + 1.7L9 UP KM/SEC SIGMA US - 1.0 PERCENT

COIMIENTS

1) SOURCE: WALSH. J. M.. RICE. M. H., MCOUEEN, R. G. AND YARGER. F. L.

PI4YS. REV., VOL. 108, P. 169 FF. (1957)

LOS ALAAMOS SCIENTIFIC LABORATORY, GMX-6. LOS ALAMOS. N. HEX.

2) EXPERIMENTAL TECHNIOUE B.
DATA REOUCI ION TECHNIOIJE B.
STANDARD MATERIAL 24ST ALUMINUMI 3) IMPURITIES WERRE MEASURED BY SPECTROCHEMICAL ANALYSIS.

4) CL AND CS WERE OBTAINED FROM L. BERoMAN. DER ULTRASCHALL,

S. HIRZEL VERLAG. STUTTGART. 1954. 6TH ED., P. 650

6i THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN

COMPRESSION AT A GIVEN PRESSURE.

_ - .- U06/14/177
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CADHIUM

coo

VO - 0.116 CC/0 CO e.41 KHISEC
VOl a 0.1157 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MtI/MICROSEC.,

PRESSURE IN KILOBARS AND DENSITY IN O/CC.

TALE

RHO0 US UP P V/VO PRESSURE IN
BRASS STANDARD

8.64 5.66 1.96 957 0.654 1022
- 5.78 1.96 976 0.662 1031
- 5.77 1.96 980 0.663 1034
- 5.77 1.97 982 0.658 1043
- 5.76 1.98 966 0.657 1045S- 6.48 2.40 1339 0.628 1403
- 6.48 2.40 1345 0.629 1406
- 6.39 2.43 1339 0.620 1410
- 6.43 2.43 1351 0.620 141

US - 2.443 + 1.671 UP KM/SEC. SIGMA US - 0.58 PERCENT

COMIENTS:

1) SOUC•E: MCOUEEN. R.O. AND MARSH. S.P.
.J. APPL. PHYS.. VOL. 31. P. 1253 (1960)

LOS ALAJOS SCIENTIFIC LABORATORY. WHX-6, LOS ALAMOS. N. HEX.
2) EXPERIMENTAL TECHNIQUE B8

DATA REJUCTI'N TECHNIQUE 13
STANDARD MATER!AL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) VOI WIAS TAKEN FROM THE AM. INST. OF PHYS. HANBOOK (MCGRAW-HILL BOOK

CO., N.Y.. 1963) 2ND ED.

UO6/ 14171
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34---3
CADMIUM

Co

V01 0.1157 CC/O. CO 2.245 KMISEC.

IN THE TABLES BELOW. VELOCITIES ARE GIVEN IN K"/SEC.. PRESSURE IN
KILOBARS AND DENSItY IN 0/CC. ST DESIGNATES THE STANOARD MATERIAL USED
AS SAMPLE HOLDER IN TABLE I OR AS STRIKER (PROJE.CrILE PLATE) IN TABLE II
U(ST) REFERS TO TOTAL STRIKER VELOCITY BEFORE IIPACT.

TABLE I

SA--PLE ------------------- - HOLDER - - -

RHOO US UP P V/V0 ST US(ST) UP(ST)

8.64 4.10 1.02 360 0.7519 FE 5.30 0.95
- 6.32 2.31 1261 0.6345 FE 7.53 2.2.
- 9.14 4.36 3443 0.5230 FE 10.67" 4.260

US - SEE BELOW

TABLE It
- - --- SAMPLE -- ------ STRIKER

RHOO US UP P V/VO ST U(ST)

8.64 5.88 1.99 1010 0.6614 AL 5.60
"- 7.16 2.88 1788 0.59"N FE 5.60
- 9.55 4.67 3850 0.5107 FE 9.10
- 12.99 7.49 8410 0.4234 FE 14.6a8

US - 3.112 + 1.3496UP OR US a 2.486 * 1.?39°UP -0.0450UP'2 KM/SEC
SSIG US -0.24 SIG US a 0.10

COMI'ENTS:

I) SOURCE: AL'TSHULER. L.V.. BAKANOVA. A.A. AND TRUNIN. R.F.
SOVIET PHYS.-JETP, VOL. 15. P. 65 (1962)
.j. EXPTL. THEORET. PHYS. (USSR) VOL. 42, P. 91. (1962)

2) EXPERIMENTAL 1ECHNIOUE A.
DATA REDUCTION TECHNIQOUE 1

31 TABLE I IS CORECTED DATA WHICH FIRST APPEARED IN THE SOVIET
PHYS.-JETP. VOL. 34. P. 614 119581. THE & VALUES WERE CALCULATED FRCM
THE IRON STRIKER VELOCITY OF 8.6, ,01SEC.

4) THE INACCURACY IN THE DETERMINATION OF US IN TABLE 2 TO PRESSURES
OF 4187 KILOBARS 010 NOT EXCEED 1.0 PERCENT. EACH POINT IS THE
AVERAGE OF 4 TO 6 EXPERIMENTS.

5) THE U UNCERTAINTY OF THE VALUES IN THE LAST TABLE ENTRY ARE:

U06/114177
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I PERCENT IN US. OBTAINED FROM 5-8 EXPERIMENTS AND 1.5 PERCENT IN

U(ST) OBTAINEO FROM 12 EXPERIMENTS.

6) VO HAS 01TAINED FROM THE HECXAGONAL UNIT CELL, HI1H:

A a 2.g796 AND C - 5.6171 AN"STROm

AMERICAN INST. OF PHYS. HANDBOOK (MCGRAW-HILL B0OK CO., N.Y.. 1963)

2ND ED.( 71 Co IS GIVEN BY: K. M,. SCHRAMM, Z. METALK,,hC, VOL. 53. P. 729 (-J 2)

(
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35---i
MtERCURY

"HO 1<

( TO - 17-25 DEG. CENTIORA•E
VO a 0.0739 CC/G CO - 1.451 KI/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM#/SEC., PRESSURE IN
KILOBARS, DENSITY IN 0/CC AND TEMPERATLIRE IN DEG. CENTIORAOE

TO RHO0 US UP P V/VO

25 13.53 2.752 0.608 a26.4 0.779
17 - 3.101 0.772 3240O 0.751 i
24 - 3.504 0.97e 463.7 0.711

US - 1.524 * 2.0•9 UP. SIG.LUS - 0.013 101/SEC.

COMMIENTS:

1)I SOURCE: W4ALSH J. M. AMD RICE M. H.

JOURNAL OF CHEMICAL PHYSICS. VOL. 26. P. 815 (1957)
. [2) EXPERIMENTAL. TECHNIOUE 8

DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL 24ST ALUMINUIH

3) THE VAL.U FOR CO AT 20 0EG. CENTIGRADE WAS OBTAINED FRO". THE AMERICAN
INSTITUTE 0F PHYSICS HANBOOOK. (MCGRAW-HILL BOOK 1V.. N. Y. 1963)
2ND ED.

II
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36---o
COPPER SUMMARY

CU

VO a 0.1120 -0.448 CC/O CO- 3.9e KM/SEC.
VOt= 0.1119 CC/O CS - 3.98 KM/SEC.

THE TABLE LISTS HUGONIOT POINTS CALCULATED FROM THE FIT GIVEN BELO•.
LUNITS ARE O/CC. KM/SEC. KILOBARS AND KBAR-CC/G FOR THE ENERGY CHANGE.

TABLE

RHOO US UP P V/VO E-EO

8.93 4.740 0.5 212 0.0945 1.25
- 5.473 1.0 489 0.8173 5.
- 6.206 1.5 831 0.758 13.25
- 6.939 2.0 1239 0.712 20.0
- 7.67?2 2.5 1713 0.674 31.25
- 8.405 3.0 2252 0.643 45.0

(' - 9.871 4.0 3526 0.595 80.0
- 11.337 5.0 5062 0.559 1M.
- 12.803 6.0 6860 0.531 180.
- 14.269 7.0 8920 0.509 245.

5.68 8.515 4.5 2175 0.471 101.
- 9.926 5.5 3101 0.446 151.
- 10.631 6.0 3623 0.436 180.
- 12.041 7.0 4788. 0.419 245.
- 14.862 9.0 7598. 0.394 405.

1

4.46 8.426 5.0 1879. 0.406 125.
- 9.916 6.0 2625. 0.389 380.
- 11.205 7.0 3498. 0.375 245.
- 12.595 8.0 4493. 0.365 320.

- 14.679 9.5 6219. 0.353 451.

2.96 8.131 5.5 1324. 0.324 151.
- 9.495 6.5 1827. 0.315 211.
- i1.541 8.0 2733. 0.307 320.
- 1a.905 9.0 3438. 0.302 405.

2.23 8.325 6.0 1314. 0.279 180.
- 11.028 8.0 1967. 0.274 320.
- 13.731 30.0 3062. 0.272 500.
- 15.758 11.5 4041. 0.270 661.

US - 4.007 - 0.56570'8.93 - RHOO) + 1.466"UP -
- 0.01710(8.93 - RHOO)*UP

SIG.US "0.14,FOR THE LIMITS GIVEN IN THE TABLE.

UO6/14/77
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L COMMENTS:

I1 SOURCE. COPI!LER
IA) THE DATA FROM 36---I1,.3.6 AND 7 WERE USED FOR THE ABOVE FIT.
2) THE POROUS DATA OF PAGE 36---6 AND THE DATA OF 36---o2 WERE ASSIGNED I

A WEIGHT OF 1. THE REST A WEIGHT OF 2
3) THE DATA OF 8 AGREES WITH THIS FIT.
4) VO! WAS OBTAINED FROM THE FACE CENTERED CUBIC CELL CONSTANT

A - 3.61496 ANGSTROM AT 18 DEG. C.
GIVEN BY WYCKOFF, CRYSTAL STRUCTURES. VOL. 1, (INTERSCIENCE PUBL.
N. Y. 1963) MN. ED.

t) CO WAS CALCULATED FROM TIE ELASTIC COMSTANTS OF
6) THE ONSET OF YIELOING OF SINGLE CRYSTALS OF COPPER WAS OBSERVED Al

SHOCK DIRECTION P1 US1(CAIPC) USe
.(100) 2.0 4.34 4.,22

(110) 1.25 4.97 4.23
(111) 1.25 5.16 4.a6

BY 0. E. JONES AND J. D. MOTE. J. APPL. PHYS. 40. 4920. (1969)
W. S. DANIELS AND C. S. SMITH, PHYS. REV.. VOL. Ill. P. 731, (19O).

0(
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COPPER

hi CU 99.8 PER CENT OR GREATERI
" VO * 0.112Ol CC/G CL - 4.70 KM/SEC. CO., 3.92 KM-SEC.

Vo0 l 0.1117 CCIG CS - 2.26 K1M/SEC.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN IM/MICROSEC.
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

RHOO US UFS UP P V/Vo

8.90 4.744 1.024 0.511 215.8 0.8923
- 4.768 1.094 0.570 241.9 0.8804
- 5.070 1.440 0'.711 320.8 0.8599
- 5.015 1.456 0.731 326.3 0.8542
- 5.508 2.079 1.032 505.9 0.8126

US - 3.944 * 1.514 UP KM/SEC SIGMA US * 0.9 PERCENT I

COMMENTS:

1) SOURCE: WALSH. J. M., RICE. M. H.. MCOUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (1957)
LOS ALAMOS SCIENTIFIC LABORATORY. GNX-6, LOS ALAMOS. N. •EX.

2) EXPERIMENTAL TECH-NIOQJE 8
DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL 24ST ALUMINUM

3) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.
4) CL AND CS VALUES HERE OBTAINED FROM L. BERGMAN . DER ULTRASHALL.

S. HIRZEL VERLAG. STUTTGART. 1954. 6TH ED.. P. 650
51 THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

UC06 14 77
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COPPER

Cu

VO -0.1120 CC/O.
Vol ,0111 CC/, CO,, 3.97 KMI/SC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KIMSEC.,
PRESSURE IN KILOSARS AND DENSITY IN 0/Cc.

TABLE

IR4O0 US UP P ViVO

8.93 5.36 0.94 450 0.8m.
- 7.13 2.29 1460 0.6803
- 10.16 4.19 3800 0.5882

US " 3.90 * 1.46UP KM/SEC.

COMMENTS:

I) SOURCE: AL'TSHULER. L. V.. KRUPNIKOV. K. K. AND BRAZHIIK. 1. 1.
SOVIET PHYS.-JETP, VOL. 34. P. 614 t1958)

e) EXPERIMENTAL TECHNIOUE A
DATA REOUCTION TECHNIQUE B

STANOARO MATERIAL FE.
3) CB IS CALCULATED USING THE VOL^.1 COIMRESSION COEFFICIENT TAKEN FROI

P. W. BRIDOGMAN. THE PHYSICS OF HIGH PRESSURE. (G. BELL AND SONS LTD.
LONDON 19W8I

4) Vol HAS TAKEN FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS.
(CHEMICAL RUBBER PUBLISHING CO. CLEVELAND, OHIO 1962-19631 44TH EO,

5) THE: SPCIME:N WITliH A THICKN[S$ BETWEEN 6-8Mt. WAS ATTACH-ED TO0 AN IRON

PLATE: OF C ARABLE THICKNESS S-AMIM.

U06S14177
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36 --- $
COPPIER

CU

(• VO 0.1120E G/CC.

Vol 0.1119 010C.

IN THE TABLE BELOH. VELOCITIES ARE GIVEN IN KMiSEC.. PRESSURE IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL USED

AS STRIKER PLATE. U(ST) IS THE STRIKER VELOCITY BEFORE IMPACT.

TABLE

RHOO US IP P V/VO ST U(ST)

8.93 6.64 1.82 1079 0.72S62 AL 5.60
- 8.06 2.71 1950 0.6640 FE 5.60
- 10.12 4.14 3740 0.5910 FE 8.64
- 10.58 4.43 4187 0.5814 FE 9.10
- 14.20 7.15 9070 0.4965 FE 14.68

US - 4.20 * 1.41 UP KM/SEC. FOR UP BETWEEN 1.82 T07.15 KM/SEC.
SIlrIA US a 0.13 KM/SEC.

COMMENTS:

I) SOURCE: AL'TSHULER. L.V.. KORMER, S.B.. BAKANOVA. A.A.
SOVIET PHYS.-JETP. VOL. It. PAGE 573 (1960)
AL*TSHULER, L. V. ET AL
SOVIET PHYS.-ATP. VOL. J5. P. 65 (1962)

2) EXPERIMENTAL TECHNIOUE AIDATA REDUCTION TECHNIQUE A
3) THE PRESSURES HlERE PRODUCED BY AN EXPLOSIVELY ACCELERATED ALUMINUM

OR SIEEL PLATE AS INDICATED IN COLUMIN 6.
4) THE INA4CCURACY IN THE DETERMINATION OF US AND UP FOR PRESSURES TO

4197 KILOBARS 010 NOT EXCEED 1.0 PERCENT. EACH POINT IS THE AVERAGE

OF 4 70 6 EXPERIMENTS.
5) THE U UNCERTAINTY OF THE VALUES IN THE LAST TABLE ENTRY ARE:

I PERCENT IN US OBTAINED FROM 6 TO S EXPERIMENTS AND 1.5 PERCENT IN
U(ST) OBTAINED FROM 12 EXPERIMENTS.

6) VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK
(MCGRAW-HILL BOOK CO.. N.Y.. 1963) 2ND ED.
THE CORRESPONDING LATTICE PARAMETER FOR THE FACE CENTERED CUBIC

LATTICE IS 3.6147 ANOSTROMS

;I
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36--- 4
COPPER

CU
S

vo a 0.III Ccl0
V01 a 0.111D CC/G

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC. VELOCITIES IN KM/SEC,
AND PRESSURE IN KILOBARS.

TABLE

- SAMPLE - PROJECTILE

RNO0 US UFS UP P V/Vo VELOCITY

8.97 6.66 4.00 2.10 1260 0.686 '4.20
- 6.19 3.56 1.76 977 0.717 3.51
- 6.49 3.56 1 .75 1018 0.731 3.50
- 6.18 3.57 1.75 970 0.717 3.50

S- 6.83 4.18 2.08 1274 0.696 4.16
- 6.16 2.76 1.35 745 0.782 2.69
- 6.2? 3.35 3.68 937 0.732 3.35
- 5.90 2.90 3.36 719 0.770 2.72

6.23 3.55 1.69 94.2 0.730 3.37

US 4 4.64 * 0.98 UP 01/SEC
SIGMA US - 0.149 IO/SEC

COMMENTS;

1) SOURCE: PF.RSSON. P. A.. PERSSON. 1.
! ~~FOA 2 REPORT A •229-2Z2. SE-PT. 1964.

FORSVARETS FORSKNINOSANSTALT AVOELNIPI. SWEDEN

UCML TRANSLATION 1173(L).
2) EXPERIIENTAL TECHNIQU.E 9.

* DATA REDUCTION TECHNIQIA S,
S3) PRECISION OF VELOCITY , EASJ)RMENTS PLUS OR MINUS 3 PERCENT.

* 4' THE PARTICLE VELOCITY UP OF THE SAMPLE WAS TAKEN AS HALF THE
PROJECTILE VELOCITY. ICOPP`ER PROJ[ECTILE WAS MOST LIKEL.Y UEDO.

5 TIHE VALUE OF VOI WAS OBTAINED FROM A.TAYLOR AND RENA J. KAGLE.
CRYSTALLOGRAPHIC DATA ON I[TAL AN ALLOY ST
(DOVER PUBLICATIONS. INC.. NEW YORK. N. Y.. 195).

I -
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36 --- 5
COPPER

CU

VO 0.112 G/CC.
VOl 0.11.1 G/CC.

THE TABLES BELOW GIVE THE VELOCITIES OF RELAXATION WAVES, C, AT VARIOUS

PRESSURES. THE HUGONIOT STATE THE RELAXATION WAVF TRAVELS THROUGH IS

GIVEN BY US, UP, P. OR ViVO. DENSITY IS GIVEN IN 6/CC., VELOCITY IN

KM/SEC. AND PRESSURE IN KILOBARS. IN TABLE I1, ST DESIGNATES THE

MATERIAL OF THE STRIKER PLATE, U(ST) IS THE VELOCITY BEFORE IMPACT

AND US(ST) IS THZ SHOCK VELOCITY IN THE PLATE AFTER IMPACT.

TABLE I

SOUND VELOCITIES
PERPENDICULAR TO SHOCK DIRECTION

RHOO US UP P V/VO C

8.93 5.24 0.87 407 0.834 6.33

US =

TABLE II

SOUND VELOCITY
PARALLEL TO SHOCK DIRECTION

--- HUGONIOT STATE -------- -- DRIVER SYSTEM--

RHO0 US UP P V/VO C ST U(ST) US(SI)

8.93 6.69 1.82 1087 0.7278 AL 5.60 10.45
- 5.92 1.31 692 0.7788 6.32 AL 5.60 10.45
- 5.54 1.06 524 0.8084 5.95 AL 5.60 10.45
- 8.11 2.77 2006 0.6583 FE 5.71 8.67
- 7.67 2.47 1692 0.6780 7.78 FE 5.71 8.67
- 7.14 2.12 1352 0.7032 7.13 FE 5.71 8.67
- 6.62 1.77 1046 0.7326 6.71 FF 5.71 8.67
- 10.2 4.18 3796 0.5903 9.48 FE
- 9.43 3.70 3117 0.6106 8.93 FE

US -

COMMENTS:

I SOURCE: AL'TSHULER, L. V., KORMER, S. 8.. SRAZHNIK, M. I.,
VLADIMIROV, L. A. AND FUNtIKOV, A. I.

SOVIET PHYS.-JETP, VOL.11, P. 760 11960)
2) EXPERIMENTAL TECHNIQUE A WAS USED IN TABLE Ii FOR THE FIRST THREE

U06/14077



PAGE 3a3
ENTRIES. FOR ALL OTHER ENTRIES EXPERIMENTAL TECHNIOUE B WAS USED.
THE HUO1NIOT STATE WAS DETERMINED FROM ONE MEASURED PARAMETER
AND THE KNOWN EQUATION OF STATE. AL'TSH.ULER ET AL. SOVIET PHYS-JETP.
VOL. II, P. 573 (196O).

3) THE SOUND VELOCITY IN TABLE I WAS OBTAINED FROM THE SHAPE OF THE FREE
SURFACE AFTER IT HAD MOVED SOME DISTANCE. IN'TABLE II THE SOUND
VELOCITY WAS DETERMINED FROM THE ATTENUATIION IN THE MEASURED SHOCK OR
FREE SURFACE VELOCITY PRODUCED BY THE RAREFACTION WAVE ORIGINATING
AT THE REAR SURFACE OF THE STRIKER PLATE.

4) VO0 WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE
CHEMICAL RUBBER PUBLISHING CO.. CLEVELAND. OHIO Ig1W-1963) 44TH ED.

5) THE MEASURED SOUND VELOCITY IS HIGHER THAN THE CALCULATED SOUND
VELOCITY FOR A PURELY NONELASTIC SAMPLE

.1

:(

'ii

I C '
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35 --- 6
COPPER POROUS

CU 99.7 PERCENT
AVERAGE GRAIN SIZE IS 5 MICRONS.

VOI , 0.112 CC/G.

VO - I/RHO0 SEE TABLE

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURES IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL AND
THE MATERIAL OF THE STRIKER PLATE. U(ST) IS THE STRIKER VELOCITY BEFORE
IMPACT. S, LABELS THE HUGONIOT VARIABLES OF THE IRON SAMPLE HOLDER
AFTER IMPACT.

TABLE

---------------- SAMPLE ---------------------- DRIVER SYSTEM----

RHOO US SIGMA UP P V/Vol UIST) US(ST) UP(ST)
US

S5.68 9.22 0.04 5.01 n•26 0.7168 8.64 10.67 4.26

4.46 9.15 0.07 5.40 2204 0.82•03 8.64 10.67 4.26

2.96 8.85 0.07 6.04 1582 0.9569 8.64 10.67 4.26
2.23 8.79 0.03 6.43 1260 1.079 8.64 10.67 4.26

8.92 14.78 0.16 7. N 9550 0.5102 15.45
5.68 14.32 0.34 8.62 7010 0.6270 15.45
4.46 14.39 0.12 9.24 5950 0.7133 15.45
2.23 14.50 0.14 10.95 3540 0.9123 15.5

i( U,

COMMENTS:

I) Sf',,-;cE: KORMER. S. 9.. FUNTIKOV, A. I.. URLIN, V. 0.
AND KOLESNIKOVA. A. N.

SOVIET PHYS.-JETP. VOL. 15. P. 477 (1962)
2) EXPERIMENTAL TECHNIOUr A. (STANDARD MATERIAL IRON).

DATA REDUCTION TECHNIQUE 8.(FIRS1 FOUR ENTRIES) AND A (OTHER ENTRIES)
31 US IS THE AVERAGE DETERMINATION TAKEN FROM 4-8 EXPERIMENTS, EACH

,.: CONSISTING OF 4-5 READINGS.4) VOI WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE

CHEMICAL R R PUBLISHING CO.. CLEVELAND. OHIO 1962-1963) 44TH ED.

0
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36---7
COPPER

CU I

VO - .112 O/CC.
Vol .112 G/CC. CO - 3.98 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC., PRESSURES IN
KILOBARS AND DENSITY IN 0/CC.

TABLE

- ------------- SAIPLE --------------- STANDARD-

RHO US UP P V/VO P(ST)

8.90 6.33 1.57 883 0.752 842
- 6.3 •3.58 875 0.7'46 842
- 6.26 1.57 877 0.749 842
- 7.26 2.20 1424 0.697 3362
- 7.29 2.21 1430 0.698 1366
- 7.32 2.22 1444 0.697 1378

US - 3.958 * 1.497 UP SIGMA US - 0.42 PERCENT

COMIENTS;

I) SOURCE: MCOUEEN. R. ,. AND MARSH S. P.
- JOURN OF APPLIED PHYSICS. VOL. 31. P. 1253, (1960)

2) EXPER I MENTAL TECHN I OUE B
DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL IS BRASS

31 VOl WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE
CHEMICAL RUBBER PUBLISHING Co.. CLEVELAND. OHIO 1962-1963) 44TH ED.

II
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36---a
COPPER

CU

V0O 0.11?
V01 0. 1 12 0 CC/ V

IN THE TABLE BELOM. VELOCITIES ARE GIVEN IN KMISEC., PRESSURE IN
KILO8ARS AND DENSITY IN O/CC.

TABLE

RH00 us UFS tip P V/vo

8.93 "7.150 4.710 2.290 1460 0,60
- 7.120 4.590 2.23 1420 0.686
- 7.540 5.020 2.43 16W0 0.677
- 6.925 4.340 2.12 1310 0.696
- 7.235 4.780 2.32 1510 0.679
- 6.790 4.165 2.035 1230 0.700
"- 7.240 4.55 2.215 1430 0.694
- 7.090 4.53 2.210 1400 0.689
- 7.225 4.75 2.310 1490 0.681
- 5.830 4.01 1.960 1190 0.713
- 6.640 3.62 1.780 1060 0.731
- 6.490 3.52 1.730 1000 0.733
- 7.160 4.51 2.195 1400 0.694
- 6.910 4.13 2.020 1240 0.708
- 6.700 3.90 1.910 1140 0.714
- 6.44 3.64 1.790 1030 0.721

f - 6.88 3.95 1.930 1190 0.719
- 6.79 4.09 2.00 1210 0.706
- 6.66 3.515 1.73 1020 0.740
- 6.62 3.65 1.795 1060 0.729
- 6.845 4.20 2.05 1250 0.700
- 7.230 4.805 2.33 1505 0.6-7
- 7.260 4.750 2.31 1500 0.82W
- 7.050 4.48 2.18 1370 0.690
- 6.890 4.37 2.13 1310 0.691
- 6.85 4.13 Z.02 1235 0.705
- G.P6 4.07 1.99 1220 0.710
- 6.91 4.e7 2.08 1290 0.699

6.775 3.70 1.82 1100 0.732
- 6.76 3.74 1.835 1110 0,728
- 6.68 3.78 1.85 1110 0.723
- 6.54 3.87 1.90 1110 0.709
- 6.555 3.5n 1.73 1010 0.736
" 6.50 3.49 1.71 990 0.737
- 6.52 3.54 1.74 1010 0.734
- 8L•. 3.46 1.70 950 0.729
- 6.20 8.95 1.46 910 3.764
- 6:87 3.81 1.53 850 0.7"6
- 6.50 3.70 1.915 1050 0.720
- 6.55 3.71 1.820 1060 0.722

4t.39 3.50 1.720 90N 0.731

U,,S 14,77
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COPPER

RHO0 US ULS UP P V/VO

- 6.445 3.34 1.646 950 0.744

6.40 3:615 1.78 1010 0.?2
- 5.88 a. 870 1.42 740 0.'pr%

- 5.84 2.910 1.44 750 0.753

US - 4. 12 + 1.81 I.P. SIO.US a 0.15 KM/SEC.

COIMENTS:

1) SOURCE: BERGER, J. AND FAUOU IGNON. B.P.
PRIVATE COMMUNICATION (1964). B.P. NO. 7, SEVRAN. FRANCE

2) EXPERIIENTAL TECHNIUOES A AND 8
DATA REDUCTION TECHNIQUE
STANDARD MATERIAL

3) VOl WAS DETERMINED FROM THE AMERICAN INSTITUTE 0F PHYSICS HANDBOOK
(MCGRAW-HILL BOOK CO.. N.Y.. 1963) 2ND ED.
THE CORRESPONDING LATTICE PARAMETER FOR THE FACE CENTER CUIC
LATTICE IS 3.6147 ANGSTROMS.

4) SAMPLE DIMENSIONS FOR THE US MEASUREMENTS: 2.0 CM DIAMETER
0.5 CM THICKNESS

SAMPLE DIMENSIONS FOR THE UFS MEASUREMENTS: 2.0 CM DIAMETER
0.25 CH THICKNESS

01
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38-- -9
COPPER

P9.FESI.ZN.AO AND OTHERS LESS THAN 0.052 WT PERCENT
CU REMAINDER - -

VO a 0.1119 CC/O CO 3.894 KM/SEC
VOia 0.1119 CC/O

THE TABLE LISTS ALL THE PRESSURES AND COMPRESSIONS OF THE MULTIPLE WAVE
SYSTEMS USED IN THE DATA ANALYSIS OF THESE RELATIVELY BROAD SHlOCK WAVES.
TOGETHER WITH THE HYDROSTATIC PRESSURE (PH) AND THE APPROXIMATE USI AMN
UPI VALUES CALCULATED FROM THEM. DENSITY IS IN G/CC. VELOCITIES IN
KMJ/SEC AND PRESSURE (PH) OR STRESS (Pl) IN KBARS. NO - EXPERIMENT NUMBER
I INDICATES THE IST 2ND 3RD ETC. WAVE OF' THE SYSTEM. U * PROJECTILE VE-
LOCITY AND MAT - PROJECTILE MATERIAL.

TABLE

U RHO0 USI UPI Pi VI/VO I PH MAT

0.0315 8.939 4.5 0.0013 0.54 0.9997 i Cu
- 4.0 0.0053 1.96 0.9987 2
- 3.9 0.0134 4.79 0.9966 3
- 3.8 0.0161 5.70 0.9959 4 5.65

0.0374 - 4.9 0.0029 1.29 0.9994 1
- 3.9 0.027' 9.78 0.9931 2
- 3.4 0.0287 10.19 0.9927 3 10.09

0.1223 - 4.5 0.0018 0.74 0.9996 1/ - 4.1 0.0582 21.05 0.9856 a

- 3.5 0.0607 21.82 0.9849 3 21.62

0.1735 - 4.6 0.0018 0.75 0.9996 1
- 4.13 0.0823 29.86 0.9797 2 29.68

0.2440 - 4.4 0.0022 0.89 0.9995 1
- 4.20 0.0931 34.33 0.9774 2
- 4.03 0.118 43.35 0.9711 3 43.14

0.2995 - 4.4 0.0013 0.52 0.9997 I
- 4.2 0.0349 12.99 0.9916 ?
- 4.19 0.144 52.92 0.9658 3 5W.69

p 0.•585 - 4.43 0.2:92 115.95 0,9340 1 115,63

US - (FOR SHOCK VELOCITY FIT. SEE COMMENT 3)

;II SOURCE MUNSON. 0. E. AND BARKER. L. M3Sd~. APPL,. PHYS., VOL. 3"7, P. 16W.. (19661U06 14
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SANDIA CORPORATION. ALSUQUEROUE, NEW MEXICO
2) EXPERIMENTAL TECHNIQUE F AND AN INTERFERROMETRIC METHOD.

DATA REDUCTION METHOD D WITH 2UP - tFS
WITH THE MOOIFICATION THAT A SMOOTH BROAD NAVE

HAS APPROXIMATED BY A SET OF DISCREET PRESSURE STEPS. THE SHOCK VELO-
CITY MEASUREMENTS WERE CORRECTED FOR ERRORS INTRODUCED BY SURFACE
INTERACT IONS.

3) NOTE THAT USI AND UPI ARE ONLY APPROXIMATE NUMBERS CALCULATED FROM
THE P1 AND VI/VO VALUES. IN THE FIT BELOW US IS OBTAINED FROM THE
VALUE OF PH OF A PARTICULAR WAVE SYSTEM AND THE CORRESPONDINO
VALUE OF VI USING THE EOUALITY US = V0IPH/tVO-VI)lflI/2. WIILE UP WAS
TAKEN TO 1C 1/2 THE MAXIMUM FREE SURFACE VELOCITY. THESE POINTS
ARE COMBINED WITH DATA FROM LOS ALAMOS TO GIVE:

LUS - 3.917 * I.O*0UP KM/SEC. UP FROM 0 TO 2.Z KM/SEC
I INCLUDING AL'TSHUJER 1960 DATA UP TO UP a 4.45 KM/SEC YIELDS

US a 3.927 + 1.507"UP KM/SEC. MAX. DEV. IS 1.4 PERCENT
41 PH - P1 - a/39Y, W4HERE THE YIELD POINT Y IS A FUNCTION OF THE

DEGREE OF WORK HARDENING.
5) VOl WAS CALCULATED FROM THE CUBIC UNIT CELL CONSTANT GIVEN IN

WYCKOFF. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS, NEW YORK. 1963)
A- 3.61496 ANGSTROM AT 18 DEG. CENTIGRADE

,)

j

U06/14/77/
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36---0
COPE~PR POROUS

CA SI FE NI SN ZN 0.2 MOLE PERCENT o.05 IN SOLID SAMPLES)

c 0.26 - (0.05- -
0 RES T

PARTICLE SIZE S. TO 20 MICRONS

VO a 0.1119 - 0.1ISOCCIG
VOI- 0.1119 CC/O

Twt TABLE LISTS DENSITY IN G/CC, VELOCITIES IN KM/SEC AND PRESSURES IN

KBAR. SEE COMIMCNT 7

TABLE I

RNOO USI UPI Pi VI/VO USE UP2 Pa V2/VO

9.94 4.61 0.010 4.3 0.998 4.13 0.089 33.2 0.979

- 4.48 0.010 4.Z 0.998 4.06 0.084 30.9 0.980

(- 4.68 0.009 3.2 0.999 4.29 .Z214 85.9 0.948
- "4.38 0.324 126.1 0.9V7

US a .386 + 2.O *UP IKM/SlEC
SIG US w .24 KM/SEC

TABLE 11

RHO0 U.19 UPI P1 'JI/VO Use UP2 Pa VZ/Vo

S (6.6 2.00 0.007 1.4 0.997 1.56 0.387 40.4 0.75h

6.42 2.6 0.007 1.2 0.997 1.29 0.224 19.1 0.•28

6.45 3.00 0.010 2.0 0.997 0.59 0.15 7. 0.75

6.72 2. 0.007 1. 0.996 0.59 0.13 a. 0.79

6.34 2.90 0.008 1.5 0.997 0.77 0.22 12. 0.72

6.40 2.93 0.004 0.7 0.999 1.78 0.491 56.1 0.725

6.56 3,-3 0.002 0.6 0.999 1.79 0.492 57.6 0.724

6.31 3.09 0.004 0.8 0.999 1.43 0.401 36.6 0.720

6.82 3.03 0.005 1.0 0.996 1.50 0.205 21.4 0.865

8.64 '2.4 0.009 1.4 0.996 0 .55 0.09 4. 0.95

6.36 2.61 0.004 0.3 0.999 1.60 0.498 51.0 0.691

US-

S•~~OMME•NTS3

I) SOURCE: SCHMIDT. D.W. ANM LINDE, R.K.

AIR FORCE WEAPONS LAO. MPF.i CONIRACT NO. 
Air 29(8011-7236

SRI PROJECTs POU-6127
STANFORD RES. INST.. MENLO PANW. CALIFORNIA, U. S. A.

ev EXPERIMENTAL TECHNIOUI: II AND I,
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DATA REDUCTION TECHNIOUE: C. WAVE PROFILES WERE BROAD 1UT WERE

APROXIMATED BY A STEP FUNCTION MOVING AT
THE AVERAGE WAVE VELOCITY LISTED

3) THE FOOT OF THE ELASTIC WAVE IS BETWEEN I AND I0 PERCENT FASTER THAN
THE AVERAGE VELOCITY LISTED. THE PROFILE AND AVERAGE VELOCITY OF THE
PLASTIC (CRUSHING) HAVE WAS INFERRED FROM THE STRESS-TIME PROFILE AT
THE GUAGE-SAMPLE INTERFACE AND THE REVERBERATION TIME OF AN ELASTIC
RELEASE WAVE REFLECTING OF YHE CRUSHING WAVE.

4) THE LAST SAMPLE LISTED. WITH A RHO0 VALUE OF 6.36 G/CC WAS HEATED AT
1100 DEG. F. IN A HYDROGEN ATMOSPHERE TO REMOVE OXIDE AND VOLATILE
ORGANIC MATERIALS. THIS YIELDED A COMPRESSION CONSISTENT WITH ALL
EXCEPT THE FOUR SAMPLES WITH RHOO - 6.6U 5.42 6.31 AND 6.92. THESE
WERE CONSIDERABLY LESS COMPRESSIBLE, SUGGESTING A HIGHER IMPURITY LE-
VEL.

5) ALL POROUS SAtPLES WERE COMPACTED AND SINTERED AT 1700 DEG. F.
61 VOi WAS OBTAINED FROM WYCKOFF. CRYSTAL STRUCTURES (INTERSCIENCE PUB-

LISHERS. NEW YORK, 1963). CUBIC CELL CONSTANT - 3.61496 ANGSTROM.
"7) NOTE THAT THE SECND WAVE PARAMETERS IN THE TABLE REPRESENT A CRUSH-

ING CURVE. P IS AN EFFECTIVE LONGITUDINAL STRESS OBTAINED BY CONSID-
ERING THE SAMPLE AS A HOMOGENEOUS ISOTROPIC MEDIUM.

.~(

I
-.
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36---I1
COPPER, OFHC

FE .0005 WT. PERCENT
S .0025 - -
AG .0010 - -

( NI .0006 - -
so .0005 - -
PB .0006 - -

CU REST

VO -0.1120 CC/0 CL- 4.757 KM/SEC CO = 3.99 KMI/SEC
CS- 2.247 KM/SEC

THE TABLE LISTS RHOO IN O/CC. VELOCITIES IN KM/SEC AND P IN KBARS. CU-
COPPER. FS- FANSTEEL. AL* ALUMINUM ANO WFa WEIGHTING FACTOR.

TABLE

-......----- SAMPLE-TABLE -- IMPACTOR - -

RHOO US UP P V/VO MAT U 1F

8.930 6.463 1.713 989. .7350 CU 3.426 3
8.930 7.414 2.343 1551. .6840 FS 3.7 3
8.930 7.815 2.631 1836. .6633 AL 7.29 I

8.930 8.0W2 a.808 2022.. .6517 FS 4.573 3
8.930 8.669 3.217 2490. .6289 CU 6.434 3
8.930 9.076 3.509 2843. .613'. CU 7.018 3
8.930 9.149 3.549 2900. .6121 CU 7.097 1
8.930 9.196 3.561 224. .6128 CU 7.121 1
8.930 9.785 3.988 3485. .5924 FS 6.728 1
8.930 9.802 3.971 3476. .5%49 CU 7.937 1

8.930 10.390 4.368 4053. .5796 FS 7.405 I
8.930 10.785 4.67'4 4502. .5=666 FS 7.932 1

US ' 3.964 * 1.463"UP KM/SEC
SI6.US- 0,009 KM/SEC

COMMENTSi

I) SOURCE: ISBELL N.M.. SHIPMAN F.M. AND JONES A.M.
HU10NlOT EQUATION OF STATE OF ELEVEN MATERIALS TO FIVE MBARS
MATERIALS SCIENCE LABORATORY REPORT:- MSL-68-13

2) EXPERIMENTAL TECHNIQUE: A
DATA REDUCTION METHOD : A

3) NOMINAL UNCERTAINTIES ARE: (SIG.US)/US * .005 AND (SIO.U)/U .,0005
41 POISSON RATIO * 0.3W6

U106/14/77
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36---12
COPPER

CU V

VO - 0.1120-0.225 CC/0 CL - 4.76 KM/SEC CO * 3.93 KMl/SEC
VOl 0.1119 CS * 2.33 KM/SEC

IN TIE TABLES ELOW, VELOCITIES ARE GIVEN IN KM1/SEC. PRESS•RE IN KILOBAR
AND DENSITY IN G/CC. STANDARD MATERIAL DESCRIBES TIH IMPACTOR.

TABLE I

---------- MPLE .--------------------------- STANDARD -----

RHOO Us UP P V/VO MATERIAL

9.930 '4.48 0.41 164. 0.9085 COPPER
8.931 4.57 0.41 167. 0.9103 COPPER
8.928 4.89 0862 271. 0.8732 COPPER(8.930 4.91 0.64 261. 0.8697 COPPER
8.930 4.91 0.73 320. 0.8513 COPPER
0.930 5.07 0.74 335. 0.8540 COPPER
8.930 '4.89 0.74 323. 0.8487 COPPDR
8.930 5.18 0.95 393. 0.8359 COPPER
8.930 5.35 0.95 455. 0.8228 COPPER
8.930 5.04 1.25 652. 0.7860 COPPMR
8.930 6.19 1.48 818. 0.7609 COPPER
8.930 6.51 1.71 994. 0.7373 COPPER
8.929 6.55 1.74 1018. 0.7344 COPPER
8.930 6.91 1.99 1228. 0.7120 COPPER
8.930 6.89 2.04 1253. 0.7035 COPPER
8.930 7.03 2.10 1318. 0.7013 COPPER
8.928 7.46 2.37 1578. 0.6823 COPPER
8.930 7.47 2.37 1581. 0.6W27 COPPER

US - 3.940 1 1.489-LP K1iSEC HUGONIOT FIT ADOPTED BY THE SOURCE
COIPARISON LEAST SGUARE FITS:

US a AO * AIDUP KM/SEC
AO 3.912 KM/SEC S10 AQ a 0.030 KM/SEC
Al a 1.498 SIG At - 0.021 -

SIG US - 0.059 -

TABLE I I

C SAPLE .--------------------------- STANDARD-�

RHOO US UP P V/VO MATERIAL US(ST)

8.920 #4.31 0.21 1 . 0.9513 2024 AL 5.79
9.925 4.41 0.21 79. 0.9501 2024 AL 5.79
0.900 4.11 0.11 63. 0.9479 2024 AL 5.81
6.9229 4.3l 0.16 10. 0.93 04 AL 5.94

U06/14/77
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RHOO US UP P V/VO MATERIAL US(STJ

8,92- 4.35 0.28 109. 0.9358 2024 AL 5.948.920 4.32 0.29 1I1. 0.9329 2024 AL S.958,9Ž0 4,35 0.29 113. 0.9333 202'4 AL 5.968.9•5 4.38 0.30 117. 0.9315 20Ž AL 5.988.930 4,30 0.30 115. 0.9302 202'. AL 5.998.9a5 4.5! 0.39 157. 0.9135 0O2'. AL 6.188.928 4.50 0.40 161. 0.9111 i024 AL 6.188.933 4.47 0.43 172. 0.9038 eO24 AL 6.258.933 4.50 0.44 177. 0.9022 2024 AL 6.268.900 4.71 0.49 205. 0.8960 2O02 AL 6.388.900 4.69 0.49 205. O. 895 e024 AL 6.388.899 4.71 0.52 218. 0.8896 2024 AL 6.448.924 4.73 0.5? 219. 0.8901 2024 AL 6.458.925 4.80 0.53 227. 0.8896 2024- AL 6.478.920 4.75 0.53 2M5. 0.8884 2024 AL 6.488.925 4.70 0.54 227. 0.8851 Z024 AL 6.478.900 4.71 0.55 231. 0.8832 2024 AL 6.49/ 8.930 4.77 0.56 239. 0.98926 2024 AL 6.53
8.918 4.71 0.58 Ž44. 0.8769 2024 AL 6.558.933 4.85 0.66 286. 0.8639 202,' AL 6.728.900 5.01 0.69 308, 0.8623 2024 AL 6.798.900 4.95 0.71 313. 0.8566 2024 AL 6.82
8.918 5.04 0.73 328. 0.8552 2024 AL 6.878.924 5.06 0.75 339. 0.8518 2024 AL 6.918.930 4.94 0.76 335. 0.1"-:462 2024 AL 6.918.933 5.07 0.79 358. 0.8442 2024 AL 6.988.933 5.19 0.80 371. 0.8459 2024 AL 7.038.933 5.18 0.81 375. 0.8436 Z024 AL 7.048.933 5.22 0.83 387. 0.8410 2024 AL 7.09
8 9.933 5.15 0.87 400. 0.8311 2024 AL 7.14
8.933 5.33 0.94 448. 0.8236 2024 AL 7.308.933 5.33 0.94 448. 0.8236 20?N AL 7.31
8.m 5.44 0,99 479. 0.8180 2024 AL 7.418.900 5.44 1.01 489. 0.9143 2024 AL 7.438.918 5.51 1.03 506. 0.8131 2024 AL 7.489.924 5.50 1.06 5W0. 0.8073 202% AL 7.548.930 5.53 1.06 523. 0.8083 2024 AL 7.558.930 6.03 1.39 748. 0.7695 2024 AL 8.218.930 6.02 1.40 753. 0.7674 a024 AL 8.219.924 5.98 1.40 747. 0.7659 202• AL 8.218.918 6.92 2.00 1234. 0.7110 20N4 AL 9.408.918 7.23 P.17 1399. 0.6999 204 AL 9.748.929 7.17 2.21 1415. 0.6918 Ž024 AL 9.79j.924 7.65 

1.40 9645. 0.6850 2024 AL 10.230.s9,4 7.60 2.46 1668. 0.6763 2024 AL. 10.28e.924 7.73 2.56 1766. 0.6688 2o0,, ,,L. 1o,.7

AO - 3.910 KM/SEC SIG AO - 0.012 KM/SEC
At *1.510 A1 A a 0.011 -

SIG US. 0.049 -
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L+ TABLE I5II5

----- ----- SAPLE ------------------------ ANAD

, US UP P V/VO MATERIAL US(ST)

.( .0o 4.31 0.31 lao. 0.9202 921-T AL 5.76

8.925 4.53 0.41 I66. 0.9095 921-T AL 5.

8.9m5 4.49 0.41 164. 0.9027 92I-T AL 5.98

8.930 4.76 0.62 264. 0.9697 921-T AL 6.43

8.925 5.08 0.79 358. 0.8445 921-T AL 6.80

8.9m S.07 0.79 357. 0.8442 921-T AL 6.80

8.90 5.05 0.82 370. 0.8376 gel-T AL 6.86

8.930 5.05 0.92 370. 0.8376 q2l-T AL 6.86
9.m 5.50 1.11 553. 0.8011 921-T AL 7.48

8.925 5.53 1.12 553. 0.7975 921-T AL 7.48

8.930 5.53 1.13 558. 0.7957 921-T AL 7.52

8.928 6.12 1.46 798. 0.7614 92-T AL 8.21

8.928 6.08 1.47 798. 0.758a 921-T AL 8.21

8.918 6.56 .78 1043. 0.72897 921-T AL 8.84

8.928 6.56 1.78 1043. 0.7287 921-T AL 8.94

8.928 7.24 2.16 1396. 0.7017 921-T AL 9.65

8.928 7.14 2.18 1390. 0.6947 921-T AL 9.65

( .928 7.67' 2.48 1698. 0.6767 921-T AL 10.26

6.928 7.65 2.48 1694. 0.6758 921-T AL 10.26

US a AO + AIUP KM/SEC
AO a 3.836 KM/SEC SIG AO - 0.021 KM/SEC

Al a 1.539 - SIG Al - 0.014 -
SIG US - 0.041 -

TABLE IV

------------- SALE ..--------------------------- STANDARD -----

SRHO0 US UP P V/VO MATERIAL US(ST)

8.930 5.01 0.68 304. 0.8643 FE 4.93

8.930 4.99 0.68 303. 0.8637 FE 4.93

8.930 5.47 0.98 479. 0.8208 FE 5.49

8.930 5.47 0.96 479. 0.8208 FE 5.49

8.930 6.31 1.57 865. 0.7512 FE 6.53

0.930 6.897 1.4 1590. 0.7176 FE 7.15

8.930 6.94 1.94 I110. 0.7164 FE 7.15

8.929 7.59 a.39 1620. 0.605i FE 7.90

8.9"9 7.65 2.%Z 1653. 0.6837 FE 7.96

8.929 7.68 e.48 1701. 0.6771 FE 8.05

8.9•19 7.65 2.49 1701. 0.6745 FE 8.05

8.919 6.23 2.78 2043. 0.6W22 FE 9.54

8.929 6.17 2.79 1035. 0.6585 FE 9.54

9.929 6.16 2.79 2033. 0.6581 FE 8.54

6.929 8.14 2.81 204a. 0.6548 FE 0.56

8.9e9 6.10 2.62 2040. 0.6519 FE 8.56

8.919 8.09 2.6 2037. 0.6514 FE 8.56

6.919 8.06 2.892 1035. 0.6510 FE 6.56

S.91M 8.41 2.92 ?193. 0.6629 FE 8.75

I6.99 6.35 2.93 5185. 0.6491 5iE 8.75

U06I/14/77



COPERPAOG 145S~ ~COPPER

us UP P V/VO MATERIAL US(ST)

6.929 8.32 2.93 Z177. 0,6478 FE 8.75
02 9.8.I e. 94 eI"%. O.&#4t9 FrE 8.75

US - AO # AI*UP KM/SECr

AO a 4.008 IOKSEC SIG AO - 0.037 KM/SEC

Al a 1.477 - SIG AI - 0.015 -

SIG US , 0.055 -

TABLE V

---------------- SAMPLE ------------------- -STANDARD-----

RHO0 US LP P V/VO MATERIAL US(ST)

8.923 4.59 0.48 197. 0.J954 TU-3 MO 3.20

8.923 4.60 0.48 197. 0.97 TU-3 MO 3.20

8.930 4.80 0.61 261. 0.8729 TU-3 MO 3.37

8.930 4.79 0.61 261. 0.8727 TU-3 MO 3.37

8.923 4.81 0.62 266. 0.8711 TU-3 0 3.38

8.923 4.80 0.62 am. 0.6708 TU-3 MO 3.38

8.918 5.24 0.93 388. 0.1416 TU-3 MO 3.66

8.921 5.24 0.83 388. 0.8416 TU-3 MO 3.66

a.9" 5.22 0.86 401. 0.9352 TU-3 MO 3.70

8.930 5.21 0.96 400. 0.8349 TU-3 MO 3.70

8.930 5.33 0.94 447. 0.8236 TU-3 MO 3.91

8.930 6.01 1.34 719. 0.7710 TU-3 1MO 4.34

.929 5.96 1.38 737. 0.7692 TU-3 MO 4.38S8.930 6.18 1.50 92. 0.7573 TU-3 MO 4.53

8.920 6.25 I.5 847. 0. 75M TU-3 MO 4.5P6

""9.929 7.36 2.31 1518. 0.6861 TU-3 MO 5.59

0.931 7.72 2.46 1696. 0.6813 TU-3 MO 5.79

8.930 9.47 8.87 2371. 0.66i2 TU-3 MO 6.35

US a AO - A|OUP KM/SEC
AO - 3.852 KM/SEC SIG AO - 0.025 KM/SEC

Al a 1.575 - SIG Aa - 0.018 -
SIG US - 0.054 -

TABLE Vi

- ----- SAMPu..LE.------------------- - ------ STANDARD -----

400o US tP P V/VO MATERIAL US(ST)

* C 7.677 3.36 0.63 IN. 0.8136 CU 4.71

7.8115 3.32 0.85 170. 0.8042 CU 4.73

7.7J• 3.71 0.76 M15. 0.7"96 CU 4.92

"7.nO 3.77 O.62 A". 0.7015 CU 4.96

"7.367 4.60 3.33 3wo. 0.7533 CU 5.40

"7.906 4.55 3.13 4031. 0.753 CU 5.42

"7.6 4.43 3. IS1 403. 0.7370 cu 5.45

IM 11'477
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COPPER

RHO0 US ip P V/YO MATERIAL US(ST)

S7.914 4.75 1.18 444. 0.7516 CU 5.51

7.980 5.00 1.39 9 0.7o Cu 5.00
7.910 5.78 1.76 905. o.6- cu 6.35
7.932 5.69 1.79 S0o. 0.6-54 c 6.37
7.90! 6.65 :.31 1211. 0.6526 CU 7.13
7.927 6.64 2.33 I326. 0.6491 CU 7.15

p 7.9?4 6.713 2.33 1242. O.6548 CU 7.17

7.915 7.01 Z.47 1370. 0.6476 CU 7.3,

7.9159 7.23 2.59 1492. 0.418 CU 7.57

S7.995 7.84 2.93 1937. 0.6263 CU 9.07

7.9e6 7.78 2.97 1913. 0.6173 CU 8.09

US.

TABLE VII

SSMiPL .--------------------------- STANDARD -----

SlOO US UP P V/VO MATERIAL US(STI

7.368 3.00 0.67 148. 0.7767 Cu 4.71

7.384 2.79 0.70 14. 0.7482 CU Lt.73

7.182 3.32 0.84 200. 0.7470 CU 4.92

7.354 3.32 0.98 215. 0.7349 Cu 4.98

7.208 4.09 1.19 351. 0.7090 CU 5.40

7.201 4.12 1.21 359. 0.7063 Cu 5.42

7.364 4.15 1.22 373. 0.7060 Cu 5.45

7.193 4.33 1.27 396. 0.7067 CU 5.51
7.354 4.72 1.46 507. 0.6907 CU 5.90

7.216 5.44 1.88 730. 0.6561 CU 6.35

7.372 5.47 1.87 754. 0.6581 CU 6.37
7.489 6.52 2.39 1167. 0.6334 CU 7.15

7.3N6 6.42 2.40 1135. 0.626 Cu 7.13

7.219 5.53 2.44 1150. 0.6263 CU 7.17

7.201 8.82 Z.61 12"t. 0-6057 Cu 7.39

7.394 8.99 2.70 139W. 0.6132 CU 7.57
7.376 7.51 3.06 1696. 0.5925 CU 8.07

7.374 7.59 3.06 1713. 0.5969 CU 9.09

OUS

TABLE VilI

- SAMIPLE -------------------- ----- STANDARD-----

mI* US tP P V/VO MATERIAL USSTI

6.37? 2.41 0.7' 114. 0.989m CU 4.71

6.iu 2.29 0.73 1ip. 0.6579 CU 4.73
6.270 2.90 O.9 162. 0.6714 CU 4.9W
6.385 2.79 0.97 171. 0.6523 CU 4.99

UOI 14/77
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COF"PER

IHOO US UP P ViVO MATERIAL US(ST)

6.290 3.56 1.30 191. 0.6348 Cu 5.40

6.309 3.64 1.31 301. 0.6401 Cu 5.42

6.395 3.69 1.33 314. 0.6396 CU 5.45

6.279 3.89 1.37 335. 0.6470 CU 5.51

6.300 4.27 1.59 4a6. 0.6276 Cu 5.80
6.879 5.08 2.00 638. 0.6063 Cu 6.35
6.338 5.10 2.00 549. 0.60w Cu 6.37

6.39w 6.17 2.56 1010. 0.5965 CU 7.13

6.350 6.13 2.56 1001. 0.5791 CU 7.17

6.278 6.14 2.61 1006. 0.5749 Cu 7.17

6.264 6.39 2.T7 1109. 0.5665 Cu 7.38

6,327 6.70 2.99 1225. 0.5697 Cu 7.57

6.342 7.37 3.26 1524. 0.5577 Cu 6.09

6.343 7.21 3.27 1495. 0.5465 CU 8.07

US

TABLE IX
--------------.-,-SAMPLE ------------------- ----- STANDAR D-....

RHOO US UF P V/VO MATERIAL US(ST)

5.983 2.86 0.77 104. 0.6593 Cu 4.71

5.833 2.22 0.80 104. 0.6396 Cu 4.73

5.567 2.51 0.98 137. 0.6096 Cu 4.S2

5.718 .. 61 3.01 151. 0.6130 Cu 4.98

5.564 3.35 1.37 M5. 0.5910 CU 5.40

S5.630 3.52 1.38 183. 0.6080 CU 5.45

5.605 3.38 1.39 263. 0.9588 CU 2.42

5.605 3.65 1.45 297. 0.6027 Cu 5.51

5.76 Lt.17 1.64 40e. 0.6067 Cu 5.80

5.712 4.95 2.30 504. 0.5759 CU 6.37

5.557 4.67 2.10 we6. 0.5668 Cu 6.35

5.97M 6.10 2.62 955. 0.5705 CU 7.13

5.785 5.93 2.60 9W3. 0.5464 CU 7.15

5.627 5.99 2.72 917. 0.5459 CU 7.17

5.59" 6.20 2.69 1003. 0.5339 CU 7.38

5.698 6.72 e.95 1186. 0.J610 CU 7.57

5.972 7.33 3.33 1456. 0.5457 Cu 8.09

5.601 .7.20 3.36 1403. 0.5333 CU 8.07

US-

LISI

<C-, TABLE X
---------------- SAIM LE ------------------- - - -- -- ST AN DA, D- --. .

"moo0 us UP P V/VO MATERIAL USIST)

4.453 1.93 1.50 1i9. 0.4700 CU 5.40

U05/14'77
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COPPER

RHOO US UP P V/VO MATERIAL US(STO

4.467 2.92 1.91 too. 0.4795 CU 5.4a
4 ..533 3.21 1.96 &30. 0.9078 CU 5.51
4.577 5.63 2.94 750. 0.4'78 CU 7.17
4.513 5.66 3.13 6M8. 0.4659 CU 7.39

US-

COMMIENTSi

1) SOURCE: MOCUEEN. R.O.. MARSH. S.P.. TAYLOR. J.W., FRITZ. J.M..

AND CARTER, W.J.
THEI EQUATION OF STATE OF" SOLIDS FROMI SHOCK W4AVE STUDIES.

HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (£D.) (ACADEHIC
PRESS, SNEW YORK, 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUE: 9
DATA REDUCTION TECHNIQUE: A (TABLE 1) 9 (THE REST)

3) TABLE I IS THE STANDARD IOONIOT OBTAINED FROM SYMMETRIC IMPACT.
TABLES II THIOU0H V CHECK THE INTERNAL CONSISTENCY OF THE OTHER
I9GONIOTS OTAINED WITH SYM'METRIC IMPACTS.

4) THE ORINEISEN OAtttA OF 1.96 (- OAI) WITH THE ASSLUFTION THAT RH0,GAN
- CONSTANT REPRESENTS THE BEHAVIOR OF THE POROUS SAMPLES. ALSO LISTED
(DV/0T)/V - 4.99E-5 PER DEO. AND CPU 0.389 JOULES PER 0. 0DE.

5) V01 WAS CALCUJLATED FROM THE LATTICE CONSTANTS IN WdYCKOFF, CRYSTAL.

STRUCTURES (JOHN WILEY AND SONS. N.Y.. 1963) VOL. I.
6) HUGONIOT ELASTIC LIMIT 0. - 6.3 KBAR (ANNEALED 9-0 PERCENT COLD

HUGONIOT ELASTIC LIMIT WORKED RESP.)
7) THE 921-T AL PLATE STOCK USED TO OBTAIN THE CROSS CHECK DATA IN

TABLE III IS SLIGHTLY POROUS.

C.;.
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37"---0 0
SILVER SUMMARY

AO

(
VO - 0.09533 CC/G CL a 3.80 KM/SEC CO - 3.09 K1/gEC
VOl= 0.09533 CC/0 CS a 1.59 KM/SEC CS a 3.19 KM/SEC

THE TABLE LISTS THE HUGONIOT POINTS CALCULATED FROM THE POLYNOMIAL FIT
GIVEN BELON. UNITS ARE: O/CC. KM/SEC, KILOBARS AND KBAR.CCIO FOR THE
ENERGY DIFFERENCE.

TABLE

:.O0 US UP P V/VO E-EO

10.49 4.037 0.5 212 0.876 I .2
- 4.842 1.0 508 0.793 5.0
- 5.633 1.5 886 0.734 11.-5
- 6.411 2.0 1345 0.680 20.0

S7,S 3.0 295 0.622 45.0
- 9.393 4.0 3941 0.574 80.0

US - 3.2Z0 + 1.648*UP - 0.O:6.ULP.*2. SIG.US a 0.06 KM/SEC
FOR UP BETWEEN 0.5 AND 4 KM/SEC

COMMENTS

I) SOURCE: COMPILER
2) THE QUADRATIC TERM IN THE FIT IS CAUSED BY THE SINOLC HIGHEST

TV9OLIB 0060 OUTPUT ........... IE:15:W-U 06/14
THE FIT ,AS MADE FROM THE DATA OF PAGE 37---1.2 AND 3.

3) MORE RECENT SOUND VELOCITY DATA THAN THOSE LISTED ABOVE FROM PAOE
37"---! YIELD A VALUE OF CO - 3.14 KM/SEC:
W. 8. DANIELS AND C. S. SMITH. PHYS. REV.. VOL. Ill. P. 713 (195M6.

C
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AG 9.8 PER CENT OR GREATER

H (
I VO a 0.09533 CC/O. CL a 3.60 KM/SEC. CO - 3.09 KM/SEC
SV0I- 0.09533 CCIO. CS a 1.59 KM/SEC.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN MMI•MICROSEC.
PRESSURES IN KILOBARS. AND DENSITY IN O/CC.

TABLE

RHO0 US UFS UP P V/VO

10.49 4.065 1.015 0.504 214.9 0.8780
- 4.113 I.0•9 0.5-7 W27.4 0.8710
- 4.378 1.4',9 0.717 329.3 0.8382

1- 4.8146 2.041 0. 985 500.7 0.7987
S- 4.04,0 2.07;4 t.010 513.6 0.7917

US - 3.271 1.575 UP KM/SEC SIGMA US * 0.5 PERCENT

F COMENTS:

1 ) SOlRCE: WALSH, J. M1., RICE, M. H.. MCQUEEN. R. 0. AND YAROER, F. L.
PHYS. REV., VOL. 108, P. 169 FF. (19571
LOS ALAMOS SCIENTIFIC LABORATORY, 011X-6. LOS ALAMOS. N. MEX.

2) L EXPERIMENTAL TECHNIOUE B
DATA REDUCTION TECHNIOQU B
STANDARO MATERIAL 2'.ST ALUMINUM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE OBTAINED BY SPECTROCHIEMICAL ANALYSIS
5) CL. AN CS WERE OBTAINED FROM L. BERGMAN, OER ULTRASCHALL.

S. HIRZEL VERLAG. STUTTOART. 1954'. 6TH ED.. P. 650

U0/sIq'?77
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SILVER

AO

VO - 0.09532 CC/0. CO 0.319 KV/SES.
VOl - 0.09532 CC/O.

IN TIE TABLE BELOH. VELOCITIES ARE GIVEN IN 191/MICROSEC.
PRESSURES IN KILOSARS. AND DENSITY IN G/CC.

TABLE

RmHo US UP P V/VO PRESSURE IN
BRASS STANDARD

I0.4.9 5.98 1.77 1107 0.705 1027
- 5.96 1.78 1109 0.702 103'..
S 8.73 2,14 151a 0.681 1378

- 6.63 2.17 1509 0.673 1388
- 6.68 2.15 1510 0.677 1393(- 6.72 2.17 1530 0.677 1399

US a 3.243 1 1.586 UP KM/SEC. SIGMA US - 0.55 PERCENT

COI11ENTSs

1) SOURCE: MCOUCEN. R. 0. AND MARSH. S. P.
J. APPL. PHYS.. VOL. 31. P. 1253 (1960)

LOS ALAMOS SCIENTIFIC LABORATORY. OMX-6. LOS ALAMOS. N. MEX.
2) EXPERIMENTAL TECHNI0LE 8

DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33 P
4) VOl WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK

(MCORAW-HILL BOOK CO.. N.Y.. 1963) 2ND ED.

t=/ 14/77
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37 --- 3
SILVER

AG

VO - 0.09533 CC/O.
VOl 0.09533 CC/0. CS - 3.14 Io/SEC.

SIN THdE TA19LE BELOW, VELOCITIES ARE GIVEN IN XWqSEC.,
PRESSURES IN KILOBARS AND DENSITY IN 0/CC.

K TABLE

RHO0 US LP P ViVO

10.49 4.69 0.93 460 0.900
- 5.76 2.19 1550 0.5'76
- 9.45 4.05 4010 0.571

US - 3.30 1.5'.UP KI/SEC.

l ~COMM'ENTS:

1) SOURCE: AL'TSHULER. L. V.. KRUPNIKOV. K. K. AND BRAZHNIK. M. 1.
SOVIET PHYS.-JETP. VOL. 34. P. 614 (1958)

2) EXPERIMENTAL TECHNIQUE A

DATA REDUCTION TECHNIOUE S
STANDARD MATERIAL FE.

3) C8 IS CALCULATED USING THE VOLUME COMPRESSION COEFFICIENT TAKEN FROM
P. W. BRIDOMAN, THE PHYSICS OF HIGH PRESSURE. iG. BELL AND SONS I.TD.

LONDON 19958)
41 VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK.

(MCORAW-HILL BOOK CO.. N.Y., 1963) MND ED.
"5) THE SPECIMEN WITH A THICKNESS BETWEEN 8-6lM. WAS ATTACHED TO A IRON

•PLATE OF COMPARABLE THICKNESS 6-9'M,.

€~
~I
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38---0

GOLD SUMMARY

AU

VO a 0.0519-0.0520 CC/G CL - 3.24 KM/SEC CO a 2.93 K:iISEC
Vote 0.05185 CCio CS - 1.20 KMI/SEC CS - 3.05 KM/SEC
THE TABLE LISTS HUOONIOT POINTS CALCULATED FROM THE FIT GIVEN BELOW.

UNITS ARE: O/CC. 301/SEC, KBARS AND KBAR.CC/O FOR THE ENEROY DIFFERENCE.

TABLE

RiCO US UP P V/VO E-EO

19.a9 3.576 .3 207. 0.9161 0.45
- 4.032 .6 467. 0.•512 1.8"
- 4.499 .9 779. 0.799 4.05
- 4.6'! 1. 895. 0.794 5.00
- 5.401 1.5 1563. 0.722 11.25
- 6.162 2.0 2377. 0.675 20.0S- 5.922 2.5 3338. 0.639 31.2
- 7.693 3.0 4446. 0.610 45.0
- 8.443 3.5 5701. 0.585 61.2

US " 3.120 * 1.521 UP, SIG.US a 0.056 KM/SEC.
FOR UP BETWEEN 0.33 AND 3.5 KM/SEC

COIIENTS:

C I I SOURCE: COMIPILER
IA) THE FIT WAS MADE TO ALL DATA OF 39---I.2.3 AND 4.
a) ALL POINTS WERE WEIOHTED EQUALLY
3) Vol WAS CALCULATED FROM THE CUBIC UNIT CELL CONSTANT A 4 4.078Mt

ANGSTROM At 25 DEG. C.
WYCKOFF. CRYSTAL STRUCTURES. VOL. I (INTERSCIENCE PUOL. 1963) D ED.

3) MORE RECENT SOUND VELOCITY DATA THAN THOSE LISTED ABOVE FROM PAGE
3U---I YIELD A VALUE OF CO a 2.99 KM0/SEC:
N. B. DANIELS AND C. S. SMITH. PHYS. REV.. VOL. Ill. P. 713 (1950).

IC '

I "
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313 --- I

G010

AU 99.0 PER CENT OR GREATER H
I

V0 w 0.0520 CC/G. CL a 3.24 KM/SEC. CO - 2.93 KMISEC.VO1 , 0.0516 CC/G. CS a 1.20 KM/SEC.

IN THE TABLE SELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC.
PRECSURE IN KILOBARS, AND DENSITY IN G/CC.

TABLE

RHOO US UIS UP P V/VO

19.24 3.679 0.771 0.380 269.0 0.8967
- 3.864 1.012 0.505 375.4 0.8693
- 4.130 1.375 0.666 529.8 0.8389

US a 3.07'4. 1.580 UP KM/SEC SIGMA US a 0.3 PERCENT

(
COItMENTS:

i) SOURCE: WALSH. J.M., RICE, M.H.. MCQUEEN. R.G. AND YARGER. F.L.
-, PHYS. REV.. VOL. 108. P. 169 FF. (19571

LOS ALAIMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.
21 EXPERIMENTAL TECHNIQUE 8.

DATA REDUCTION TECHNIOUE B
STANDARD MATERIAL 24ST ALUMINUM

31 IMP.•RITIES IERE MEASURED BY SPECTROCHEMICAL ANALYSIS.
4) CL AND CS VALUES WERE OBTAINED FROM L. BERGMAN. DER ULTRASCHALL,

iS. HIRZEL VERLAG. STUTTGART. GERMANY. 1954) 6TH ED.. P.650
5) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE

(-

.I
IUI4F'



TABLE Ir rOLn- *

38---l1
S ( 5.0 -"I I - -

ii4.8

4.6

4.4

4.2 i

* .

4.0

3.8

3.6

3.4

C--" 3.2

o m _r in c I
UP



PAGE 155
38-2
OOLO

AU

(
VO * 0.0520 CC/O. CO - 3.05 KM/SEC.
Vo0 = 0.05183 CC/o.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN II/MICROSEC.,
PESSURES IN KILOBARS AND DENSITY IN G/CC

TABLE
RHOO us UP P V/VO PRESSURE IN

BRASS STANDARD

19.-2 5.25 1.37 1381 0.739 1002
- 5.21 1.41 1410 0.730 1025
- 5.80 1.73 1932 0.702 1384
- 5.78 1.74 1931 0.700 1387
- 5.78 1.74 1936 0.699 1398
- 5.79 1.7". 1942 0.699 1399(

US " 3.075 + 1.560 UP KM/SEC. SIGMA US a 0.30 PERCENT

COMMENTS:

1) SOURCE: MCQUEEN. R.G. AND MARSH. S.P.
J. APPL. PHYS., VOL. 31. P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LCS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIQUE B
OATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL.. IS BRASS

3) FOR THE BRASS STANOARO DATA SEE MATERIAL 36-33
4) VOI WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)
SED.

U 1
ic'
I:

U0DS' I 4'ff
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GOLD

AU( U,

V• o.oe c CC/
Vol - 0.0518 CC/0 CS - 3.05 104/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC..*1: PRESSURE IN KILOSARS AND DENSITY IN 0/CC.

TABLE

RHOO US UP P V/VO

19.30 4.27 0.71 590 0.833
S5.70 1.7 1950 0.690
- 8.6 3.30 8.30 6. 5W

US * 3-15 * 1.47UP KN/SEC.

COtMENTS:

1) SOURCE: ALITSHULER. L. V.. KRUPNIKOV. K. K. AND BRAZHNIK. M. 1.
SOVIET PHYS.-J)TP. VOtL. 34, P. 614 (1958)

2) EXPERIIENTAL TECHNIQUE A
DATA REDUCTION TECHNIOUE 9
STANDARD MATERIAL FE.

3) CO IS CALCULATED USING THE VOLUME COMPRESSION COEFFICIENT TAKEN FROM' -P. W. BRIDGMAN, THE PHYSICS OF HIGH PRESSURE. 40. BELL AND) SONS LTD.

4) VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHWSICS HANDBOOK
(NCORAW-HILL BOOK CO. 1963) 2ND ED,

5) THE SPECIMEN WITH A THICKNESS BETWIEN 6-811M. WAS ATTACHED TO A IRON

PLATE OF COIPARABLE THICKNESS 6-9191.

.4
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39-

GOLDLa

AU 99.99 PERCENT
PD 0.0014 -
AO 0.0010 -

CU 0.00017 -
FE 0.0005 -

SI 0.0053 -

MG 0.00030 -

t V0 - 0.05176 CC/0 CO - 2.99 KM/SEC

VOl - 0.05185 CC/O.

IN THE TABLE BELOW, DENSITY iS GIVEN IN 0/CC.. VELOCITIES IN Kil/SEC..

AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/V0

19.32 8.46 3.5a 5760 0.5854
= 0.55 3.51 5790 0.569M

US-

COMMENTS:

If SOURCE: JONES, A. H.. ISBELL. W. M. AND MAIDEN C. J.

JOURNAL OF APPLIED PHYSICS. VOL. 37. P. 3493 Il96)

2) EXPERIMENTAL TECHNIOUE A
DATA REDUCTION TECHNIOQUE A
STANDARD MATERIAL FANSTEEL 77. SEE MATERIAL 53--39--36--- I.

3) THE DRIVER PLATES WERE ACCELERATED BY MEANS OF A LIGHT GAS OUN.

4) THE DRIVER PLATE VELOCITY AND SPATIAL ORIENTATION HAS MEASURED USING

TWO PULSE X-RAY STATIONS PRIOR TO IMPACT. THE X-RAY EXPOSURE TIMES

WERE 30 NSEC. . THE INTERVAL TIIME BETWEEN X-RAY PULSES WAS MEtASURED

ON A 100-MC/SEC COUNTER.
5) FOR BOTH THE DRIVER PLATE IMPACT VELOCITY AND IlE SAMPLE SHOCK

VELOCITY THE MEASURED EXPERIMENTAL ERROR IS WITHIN I PERCENT.

6) VOl WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK IMCORAW-

HILL BOOK CO. N.Y.. 1963) 2ND ED.

71 CO TAKEN FROM CHANOY.A. AND HIMMEL.L. J. APPL. PHYS. V.37 3567 1968

UO ;14/77
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39---'
NICKEL

NI 99.7 PERCENT
CO 0.1 PERCENTtGO 0.05 PERCENT
tl 0.05 PERCENT
MN 0.05 PERCENT
FE 0.05 PERCENT

VO , 0.1129 CC/O. CL - 5.63 101/SEC. CO , 4.47 KM/SEC.VO 1 0.1123 CC/O. CS a 2.96 KM/SEC.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN IM/MICROSEC.
PRESSURE IN KILOBARS, AND DENSITY IN O/CC.

TABLE

RHO0 US UFS UP P VI/VO

8.86 5.417 0.981 0.490 235.0 0.9095
- 5.653 1.350 0.678 339.4 0.8801
- 5.620 1.390 0.687 341.8 0.8779
- 6.031 1.955 0.957 531.0 0.8413
- 5.969 1.981 0.982 519.0 0.8355
- 5.952 1.835 0.887 467.4 0.8510

US - 4.796 + 1.254 UP KM/SEC SIGMA US - 0.8 PERCENT

COMMENTS:

1) SOURCE: WALSH. J. M., RICE, M. H.. MCOUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. 119571
LOS ALAMOS SCIENTIFIC LABORATORY. OMIX-6. LOS ALAMOS. N. HEX.

21 EXPERIMENTAL TECHNIOUE 0
DATA REDUCTION TECHNIOQUE B
STANDARD MATERIAL ••4T ALUMINUM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEP PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHIEMICAL ANALYSIS
5) CL AND CS WERE OBTAINED FROM L. BKROMAN. ODR ULTRASCHALL.

(S. HIRZEL VERLAO, STUTTGART. OERMANY. 1954) 6TH ED.. P. 650

U06/ 14/77
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39--- -2
N ICKEL

NI

V0 0. * 1i29 CC/0. CO 4 4.63 KIlSEC.,S~V01l 0.!1a3 CC/O. -

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN ?MMMIICROSEC..

PRESSURE IN KILOSARS AND DENSITY IN O/CC.

TABLE

HOO US UP P ViVo PRESSURE IN

BRASS STANDARD

8.85 8.95 1.64 1009 0.764 931

- 6.99 1.64 1014 0.o66 931
- 7.11 1.62 1022 0.7'2 931I- 7.78 2.15 1479 0.72'4 1359
- 7.76 Z.17 1491 0.721 1373
- 7.80 2.16 1490 0.723 1368

'I

US - 4t.646 + 1 .445 UP 101/5£C. SIGtMA US ,,0.48 PE£RCENTl

COtr!MNTS:

Ij SOURCE: MCO.EEN. R. 0. AND MARSH. S. P.
J. APPL. PHYS.. VOL. 31. P. 1253 (19601
LOS ALAMOS SCIENTIFIC LABORATORY. OMX-6, LOS ALAMIOS. N. MEX.

Z) EXPERIMENTAL TECHNIUE; B
OATA REOUCTION TECHNIQUE.E 8
STANDARO DATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) VOl WAS TAKEN FROIM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK (MCGRAW-

HILL BOOK CO. N.Y.. 1963) 2ND ED.

U06/ 14/77
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39.--3
NICKEL

NI

(
"VO 0.1129 CC/G.
VOl 0 0. 1 • CC/O. CO 4 .57 KM/SEC

IN THE TABLE BELOW4, VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURE IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES !HE STANDARD MATERIAL USED
AS STRIKER (PROJECTILE PLATE). U(ST) - STRIKER VELOCITY BEFORE IMPACT.

TABLE

SSAMPLE - ------- STRIKER

RHO0 US UP P V/Vo ST U(ST)

8.86 7.29 1.72 1116 0.-768 AL 5.60
- 8.72 2.63 2033 0.6983 FE 5.60
- 11.20 4.35 4319 0.6120 FE 9.10

S14.60 7.09 9180 0.5144 FE 14.68

US - 4.370 * 1.775*UP -0.047'UP**2 OR US * 5.099 * 1.35'•UP KM/SEC
SIG US s 0.008 SIG US - 0.20

COMMENTS:I
)I SOURCE: AL'TSHULER, L.V.. BAKANOVA, A.A. AND TRUNIN. R.F.

SOVIET PHYS.-JETP. VOL. 15. P. 65 (196a)
.J. EXPTL. THEORET. PHYS. (USSR) VOL. 42. P. 91. (1962)

"2) EXPERIMENTAL TECHNIOUE A
DTA REDUCTION TECHNIOUE A AND B

3) THE UNCERTAINTIES OF THE VALUES IN THE LAST TABLE ENTRY ARE:
I PERCENT IN US. OBTAINED FROM 6-8 EXPERIMENTS AND 1.5 PERCENT
IN UtSI) OBTAINED FROM 12 EXPERIMENTS.

41 VOI WAS OBTAINED FROM THE CUBIC UNIT CELL WITH A a 3.52394 ANGSTROM.
AMERICAN INST. OF PHYS. HANDBOOK (MCGRAW-HILL 1963 2ND ED

S) CO IS GIVEN BY: K.H. SCHRAIMI. Z. MEITALKUNDE. VOL. 53, P. 729 (19621

UOS/i7
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39-o4
NICKEL POROUS

Nt 99.5 PERCENT
AVERAGE GRAIN SIZE IS 8 MICRONS

(
vol - 0.112
VO a I/RHO0 SEE TABLE

IN TIE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SCC., PRESSUIS IN

KILOBARS AND DENSITY IN G/CC. ST DESIGHATES THE STANOARD MhATERIAL AND

THE MATERIAL OF THE STRIKER PLATE. U IS THE STRIKER VELOCITY BEFO i

IMPACT.

TABLE

- .---------- SAMPLE --- - - ------ - DRIVER SYSTEM .-...

RHOO US SIG.US UP P VIVO ST U US UP P

6.22 9.79 0.26 .048 2908 0.7331 FE 8.54 10.67 4.26 3568

5.09 9.42 0.18 .051 2469 0.7930 FE 8.54 10.67 4.26 35M

2.97 9.25 0.15 .060 1639 1.0630 FE 8.64 10.67 4.26 3568

8.90 14.87 0.20 .072 9560 0.5139 FE 15.45

5.09 15.55 0.27 .087 6870 0.7722 FE 15.45

Z.9" 15.580.27 101 4670 1.0540 FE 15.45

LUS

COMtENTS-

S1 SOURCE: KORMER, S... F,.NTIKOV. A.. URLIN, V.0.

AND KOLESNIKOVA, A.N.

SOVIET PHYS.-.,JETP. VOL. 15, P. 477 t1962)

2) EXPERIMENTAL TECHNI|.E A

DATA REOUCTION TECHNI|UE B

3) US IS TIC AVERAGE ODETERMINATION TAKEN FROM 4-8 EXPERIMENTS. EACH

CONSISTING OF 4-6 READINGS.

4) VOl WAS OBTAINED FROM THE HANDBOOK OF C-EMISTRY AND PHYSICS tb4E

CHEMICAL RUBBER PUBLISHING CO. 1962-1963) 44TH ED.

UC

U0S/14,''17
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39-- -5
NI CKEL

VOl" 0.1128

IN THE TABLE BELOW. VELOCITIES ARE CIVEN IN KMISEC.. PRESSURE IN
KILOSARS AND DENSITY IN O/CC.

TABLE

-------.. ---- SAIPLE ------------ -- STANDARO-

RHOO US UP P V/VO UFS

8.905 5.682 0.935 473 0.844 3.040
- 5.834 0.910 4"72 0.835 3.010
- 5.675 0.898 455 0.942 2.940
- 5.643 0.910 461 0.839 2.970S- 5.598 0.835 417 0.853 2.740
- 5.549 0.815 403.5 0.851 2.675
- 5.586 0.845 419 0.849 2.760
- 5.624 0.840 421 0.951 2.760
- 5.668 0.823 416 0.855 2.7'5
- 5.668 0.810 410 0.857 2.695
- 5.624 0.815 409 0.855 2.695
- 5.518 0.805 396 0.854 2.635
- 5.488 0.733 358.5 0.866 2.430
- 5.488 0.733 358.5 0.866 2.430
- 5.295 0.7680 361 0.850 2.510

5.230 0.785 366 0.953 2.510
- 5.411 0.715 345 0.868 2.365
- 5.506 0.715 343 0.870 2.3055
- 5.533 0.725 356 0.869 2.415
- 5.393 0.725 348 0.976 2.385
- 5.807 0.657 316 0.878 2.200
- 5.422 0.372 313 0.882 .1705
- 5.548 0.635 313 0.88m 2. 165
- 5.512 0.635 323 0.880 2.225
- 5.53 0.810 303 0.891 2.100

- 5.330 0.620 29 0.88• 2.0on
- 5.1"75 0.635 29 0.877 E. 080
- 13.202. 0.835 29 0.87?9 2.1I00
- 5,000 0,.529 835.5 0.899 1."750
- 4.9"70 0.534 235.5 0.893 1.7160
- 5.170 0.520 2-41 0.8m 1..17M

,'-- 5, 112 0.5--n 240 0.997 1.7!5

4.931 0.405 179 0.918 1.375
- 5,09"7 0.401 182 0.921 1.390
- 5.09Z? 0.406 193.5 0.920 1.400
- 4,496 0.3'70 148 0.918 1.205
- 4.634 0.363 150 0.922 1.2.O5
- 4.5171 0.360 149 0.9e 1.200
- 4.570 0.355 1418 0.w0 1.200

' U1O6/14/77
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RHOO US LP P V/VO UFS

- 4.1504 0.413 169.5 0.910 1.345
- 4.673 0.409 170 0.912 1.345
- 4.960 0.403 179 0.919 1.375

i- 4.936 0.402 177 0.919 1. 365
S•- 4.940 0.3"75 161.5 0. e3 1.275•

S- 4.Mi 0.3"/0 161.5 0.94 1.265
" '- 4.713 0.349 146.5 0.926 1.1"75

"- 4.638 0.354 146 0.924 1.175

US - 4.119 + 1.806 UP KI/SEC.

COMIMNTS:

I) SOURCE: BERGER J. AND FAUOUIONON C.
PRIVATE COMMUNICATION (1964). B.P. NO. 7, SEVRAN. FRANCE

2) EXPERIMENTAL TECHNIOUE 8
DATA FEOUC7;ION TECHNIOUE 8
STANDARD MATERIAL. ALUMINUM AU4O ALLOY

3) VO| WAS OBTAINED FROM THE CUBIC UNIT CELL WITH A - 3.52394 ANOSTROMS.
A- MERHICAN INSTITUTE OF PHYS. HANDB00 NCORAW-HILL BOOK CO. N.Y..S~1963) 2N ED. I

4) SAMPLE DIMENSIONS WERE: 2.0 CM DIAMETER
*1 0.5 CM THICKNESS

C-
iI



TABLE I

39--5( 6.0

5.16

5.6 x XXX

5.4 x K

5.0

xxx

Kx

4.8

C 4.4

0 0 (2 0 f 0 0 a
a a a aa a a



PAOE 164

N I CKEL

Ni 99.47 WT. PERCENT
C 0.11 - -

M4N 0.26 - -
FE 0.09 - -

S 0.00. - -
SI 0.08 - -

CU 0.02 - -

V YO 0 .1i!28 CC/O CL a 5.76 IM/SEC CO 4 .53 IQM/SEC

CS a 3.06 KM/SEC

THE TABLE LISTS RHOO IN 0/CC. VELOCITIES IN KM/SEC AND P IN KBARS. NIs

NICKEL, FS- FANSTEEL AND WF- 1EIOH4TINO FACTOR.

TASLE

--- -------- -- SAIPL.E-------- - - IMPACTOR - -

RHO0 US UP p V/Vo MAT U NF

8.964 8.546 1.331 "772. .7967 NI Z.662 3
9.84 7.407 1.919 1260. .7409 NI 3.839 3
O8.86 10.070 3.59J 3206. .6433 NI 7.14 3
8.964 11.572 4.581 4699. .6041 FS 7.93' i
6.864 11.607 4.616 4741. .6023 FS 7.993 1

US a 4.456 * I.165vUP KM/SEC
SIO.US a 0.012 KM/SEC

COMMENTSs

I) SOURCE: ISBELL W.M., SHIPMAN F.H. AND JONES A.H.1HUGNIOT EQUATION OF STATE OF ELEVEN MATERIALS TO FIVE MBARS

MATERIALS SCIENCE LABORATORY REPORTt MSL-U"-13
2) EXPERIMENTAL TECHNIOUIE A

DATA REDUCTION METHOD : A
3) NOMINAL UNCERTAINTIES ARE: (SIO.US)/US - .005 AND (SIO.U)IU * .0005
4) ALSO OIVEN: POISSONS PATIO 0.30 , YIELD STRENGTH :.69 KOAR

TENSILE - . 14 KBAR

C0

UOS/I14,77
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40O---I

COBALT

CO 99.45 PERCENT
NI 0.5

OTHER 0.05 -

k vo a 0,1133 CC/O
VOI a 0.1138 CC/O
IN THE TABLE B(LOW DENSITY IS GIVEN IN 0/CC VELOCITY IN 10ISEC. AND

PRESSURE IN KILOSARS.

TABLE

RHOO US UFS UP p V/Vo

8.82 5.445 1.016 0.502 N 1.1 0.9078
- 5.6W8 1.327 0.683 343.2 0.8801
- 5.632 1.334 0.653 324.4 0.8841

- - 6.019 0.901 479.1 0.8503
- 6.0OW 1.890 0.955 509.8 0.84.22

US t 4.740 + I.392UP Kit/SEC SIOMA US , 0.020

t COMMENTS:

I) SOURCE: WALSH. J.M.. RICE. 1.H.. HCOUEEN. R.O. AND YAROER. FL.
PHYS. REV.. VOL. 10. P. 169 Fi. (19573
LOS ALAMIOS SCIENTIFIC LABORATORY. OMX-6. LOS ALAMOS, N. MEX.

23 EXPERIMENTAL TECOHNIQUE 1
DATA REDUCTION TECHNIQUE 1

3) STANDARD MATERIAL: 2•ST ALUMIIJUM
4) THE IMPURITES WERE IEASULED BY SPECTROCHEiICAL ANALYSIS
51 VO WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK

(MCGRAW-HILL BOOK CO. N.Y.. 1963) 2ND ED.

U06/ 14/77
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40----a P
COBALT

CO

VO - 0.113 CC/0. CS 4.63 KM/SEC.
Vo0 - 0.1138 CC/O.

IN THEC TABLE BELOW, VELOCITIES ARE GIVEN IN II/IIICROSEC..

PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO PRESSURE IN
BRASS STANDARD

9.92 7.15 1.79 1121 0.750 1038

- 7.15 1.80 1137 0.74o 3050
- 7.12 1.83 1148 0.743 106o
- S7.C0 2.S6 132A 0.7US 0.6P- 7.45 2.07 135a 0.723 ,1'7

(- 7.3 -. 0. .135V 03.7P23 (19667
%_- 7.81, 2.30 15..04. 0.'706 1479.

- "7.7 SCI2NTI"I30 15LA8TY 0.7"X05 17LO LISN'
- 7.77/" 2.30 1577 0].'703 1478./

- "7.8 2.31 1608 0o.70"7 1497

- "7.83 Z.32 1603 0.'703 149"7

US - 4.749o 1 |.330 UP KM/SE:C. S|G44A US• 0.46 PERCENT

•- COMEN!TS:

1) SOURCE: MCMUXEN, R. 0. AND MARSH. S. P.
J. APPL. PHYS,, VOL. 31, P. 12L5:3 (19g60)
LOS ALAMOS SCIENTIFIC LABORATORY, GMX-6. LOS ALAMOS. N. MIEX.

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNI.UE B

STANDARD MATERIAL IS BRASS
3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) V WAS TAKE.N FFROM TI" A. 1. P. AHNDBOOK (MCORAN HILL BOOK CO.)

2 ED
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41---0
IRON SUMIMARY

FEU 99.99 TO 98.5 PERCENT BY WT.

(o
VO a 0.1272 - 0.1277 CC/O CL a 5.960 KM/SEC CO - 4.64 K1/SEC.
Vol- 0.1269 CC/G CS a 3.240 KM/SEC

THE TABLE LISTS THE I-JOONIOT POINTS CALCULATEO FROM THE FITS GIVEN BELOW
UNITS ARE G/CC. KM/SEC. KBAR AND KBAR.CC/G FOR THE ENEROY DIFFERENCE.
EL a ELASTIC LIMIT, TP - TRANSITION POINT.

TABLE

FIT RHOO US UP P V/VO E-EO COMMENTS

1 7.65 6.00 0.015 7.1 0.9975 0.0011 EL IST WAVE
I - 6.00 0.022 10.4 0.9963 0.0024 - - -

2 - 5.000 0.10 40.9 0.9807 0.0534 2ND
2 - 5.045 0.20 0.8 0.9610 0.207 -

2 - 5.091 0.30 121. 0.9417 0.459- -

2 - 5.101 0.323 131. 0.93'73 0.533 TP -

3 - 3.337 .34 135. 0.9320 0.617 3RD -

3 - 3.565 .40 152. 0.9150 0.910 - -

3 - 4.323 .60 224. 0.8724 1.908 - -

3 - 5.081 .80 321. 0.843 3.077 . ..

4 - 5.404 1.0 425. 0.815 5.03 2ND -

4 - 7.106 ?.0 I116. 0.718 Z0.0 IST WAVE
4 - ..741 3.0 2056. 0.657 45.0 - -

4 - 10.310 4.0 3237. 0.612 90.0 - -

4 - 13.248 6.0 6240. 0.547 10. - -
4 - 15.920 8.0 9997. 0.497 320. - -

US - 6.0 KM/SEC +OR- 0.1 KM/SEC (FOR FIT I)
FOR UP BETWIEN .022 KM/SEC.

US a 4." * 0.454*UP. SIO.US a .05 KM/SEC (FOR FIT e)
FOR UP BETWEEN .1 AND .33 KM/SEC.

US - 2.049 - 3.79 *UP. SIO.US - .09 KM/-SEC (FOR FIT 3)
FOR IP BETIWEN .34 AND .79 KM/SEC.

US a 3.635 1.802*UP - .0333oUPos,. (FOR FIT 4)
SIG.US, a .13 KMI/SEC

FOR UP BETIWEEN 1.0 AND 7.7 KM/SEC

COMIIENTS

1) SOURCE: COMIPILER

IA) DATA FOR THESE FITS HERE TAKEN FROM 41---I.8...4,5.7.8,I0.Il,12
AND 14

2) 41---1 SHOWS THAT THE ELASTIC WAVE STRENGTH EPQENDS ON THICKNESS.

U106/1 4/77
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,THE TWO VALUES LISTED 4ERE OBTAINED ON 0 AMO 6 MM. SAMPLES RESPEC-

TIVELY. THE M ANo HIC4HEST ELASTIC LIMIT WAS USED TO CALCULATE P.

I V/Vo MO E-EO FOR 2ND WAVES IN THE ML.TIPLE HAVE REGION OF THE

IRJOONIOT. 6.0 KM/SEC HAS TAKEN AS THC BEST AVERAGE WAVE VELOCITY.

S3, THE 41,---, SOURCE ALSO SHOWEO THAT THE 2ND WAVE WAS BROAD. ESPECIALLY

FOR S•ALL AMPLITUDES. POINTS WITH UP LESS THAN .08 WERE THEREFORE.

ELIMINATED. FIT 2 HAS MADE FROM DATA OF' 41---1.5.1,0.1.12 AND 14.

4) THE FINAL PORTION OF THE I4JGONIOT CURVE ABOVE 
THE TRANSITION

(HERE TAKEN AS 131 KIBAR) IS GIVEN IN TWO PARTS. DATA OF 41--- 14 SHOW

A HIGER SLOPE AT LOW PRESSURES IN THE MUILTIPLE WAVE REGION. IN THIS

REGION. MINSHIALLS DATA SHOW 10-PERCENT LOWER SHOCK VELOCITIES.

THE DATA OF MINSHALL (41 --- 5,10,11 AN 12) SUGGEST THAT TiH

TRANSITION HAVE STRENGTH DEPENDS ON SAMPLE THICKNESS.

5) FIT 4 HAS OTAINEID F 41---3.4 AN 7 WITH A WEIGHT OF aA

41-2.9 WITH A WEIGHT OF 1.

6) CO WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYSICS HANDS" IMCORAw

HILL •OOK CO.. N. Y.. 19633 2ND ED. C. A. ROTTER AN C. S. SMITH

MEASUREDO COC 4.606 IOMiSEC. CJ. PHYS. CHCEM. SOL IDS. V. 27. P. 
267

U I011/7
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IRON ARMCO

FE

VO - .127'4 CC/0 CL a 5.960 KM/SEC CO u 4.64 KM/SEC.
VOl. 0.1269 CC/G CS a 3.240 KMiSEC

IN TIE TABLE BELOW. DENSITY IS GIVEN IN 0/CC, VELOCITIES IN MM/MICRO-
SEC. PRESSURE IN KILOBARS AND SAMPLE THICKNESS (LS) IN MM1.

TABLE

RHO0 US) UPI Pi VI/VO US2 UP2 Pe V2/VO LS

7.85 6.18 .015 7.28 .9976 5.08 .1935 78.4 .9625 50.8
- 6.18 .015 7.28 .9976 4.88 .0848 34.0 .9833 -
- 6.18 .015 7.28 .9976 4.91 .1080 43.1 .9786 -
- 6.18 .017 8.25 .9972 4.95 .096 39.3 .9812 25.4
- 6.19 .017 8.25 .9972 4.69 .060 24.1 .9890 -
- 6.18 .017 8.25 .9972 5.05 .186 75.2 .9637 -
- 6.18 .0195 9.46 .9968 5.08 .1805 73.6 .9651 32.7
- 6.18 .0195 9.46 .9968 4.65 .0770 30.4 .9844 -
- 6.18 .0195 9.46 .9968 4.17 .0310 13.2 .9946 -

- 6.19 .022 10.67 .9964 4.65 .079 31.5 .9841 6.35
- 6.18 .022 10.67 .9964 5.06 .192 75.9 .9639 -
- 6.18 .022 10.67 .9964 4.98 .130 52.9 .9747 -

U 6.18 .022 10.67 .9964 4.98 .192 75.7 .9622 -

Sus-

I C
COMMlENTS:

1) SOURCE: TAYLOR. JOHN W. AND RICE, M.H.
J. APPL. PHYS., VOL. 34, P. 364 (1963)

2) EXPERIMENTAL TECHNIOUE G
DATA REDUCTION TECHNIQUE A
THE SHOCK WAS DRIVEN INTO THE SAMP:LE BY AN ARMCO PLATE. SACKED 13Y AN
ALUMIINUM' PROJECTILE, M-JICH WAS FIRIED FROM A 6.5 INCH GUN.

31 A CAPACITOR TECHNIQUE MEASUREO SHOCK ARRIVAL AND FREE SURFACE VELOCI-
TY. PINS WERE USED TO MEASURE PROJ.CTILE VELOCITY.

41 CL AND CS WERE 013TAINED FROM THE AMERICAN INSTITUTE OF" PHYS. HANDOO(XK
I(ICCAAN-HILL BOOK CO. N.Y.. 1963) 2M0 ED.

5) PROJECTILE VELOCITY WAS EQUAL TO THE FREE SURFACE VELOCITY TO WELL
WITHIN THE ACCURACY OF THE EXPERIMENT (2 PERCENT).

"C 61 NOTE THAT US2 - VO((P2-PI)/(VI-V2))#*(1/2)

UO/1407T
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41 --- 2
STEEL MILD. EN3

IRON FE 9e.75 PERCENT
CARBON C .25 PERCENT
MANGANESE MN 1.00 PERCENT

VO a 0.1275 CC/O

-I IN THE TABLE BELOW. DENSITY IS GIVEN IN 0/CC, VELOCITIES IN MI/MICRO-
SEC. AND PRESSURC IN KILOBARS.

TABLE

RHOD US UP P V/VO

7.84 7.06 1.97 1090 .7a1
- 7.18 .. 99 1120 .723
- 6.99 2.05 1120 .707

(- 8.08 2.63 1670 .675
7.90 2.75 1700 .652

- 8.11 2.70 1720 .667
- 8.07 2.75 170 .659
- 10.13 3.88 3090 .617
- 10.66 4.09 3420 .616
- 10.90 4.32 3700 .604

US - 3.67 + 1.645 UP KM/SEC. SlO.US - 0.18 KM/SEC

COMMENTS:

1) SOURCE: SKIDMIORE. I.C. AND MORRIS. E.
THERMOOYNAMICS OF NUCLEAR MATERIALS. P. 173 FF. (1962)
INTERN. AT. ENEROY AGENCY. VIENNA

ATOMIC WEAPONS RESEARCH ESTABLISHM'ENT., ALOERMASTON. ENGLAND
2) EXPERIMENTAL TECHNWOUE A

DATA REDUCTION TECHNIOUE A
IN THE EXPERIMENTS, CYPLOSIVELY ACCELERATED PLATES OF THE ABOVE MA-
TERIAL WERE IMPACTED WITH TARGET PLATES OF THE SAMlE MATERIAL IWIHICH
CONTAINED THE SAMPLES.

3) THE VELOCITY Or THE FLYING PLATE AND THE SHOCK AND SURFACE VCLOCITY
OF THE TARGET PLATE WERE MEASURED AS WELL AS THI SAMPLE SURFACE AND
SHOCK VELOCITIES.

4) DATA SCATTER WAS ABOUT 0.03 MICROSEC.
i51 CORRECTIONS WERE MADE FOR FLYING PLATE CURVATUR COF UP TO I MICROSEC.

B) THE HIGHER PRESSURES WERE OB3TAINED BY A SPHERICALLY CONVERNING
SYSTEM,

71 ALL PEL'r..TS WERE SURROUNDED gY LEAD TO REDUCE "ATERAL RAREFACTION.

UOB' 114"
'! j
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41---3
I RON

FE 99.8 PER CENT OR GREATER

(

VO - 0.1276 CC/O. CL a 5.95 KM/SEC. CO - 4.51 KM/SEC.
VOL - 0.1271 CC/O. CS v 3.23 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN iN MM/MICROSCC.

PRESSURE IN KILOBARS. ANO DENSITY IN O/CC.

TABLE
RHOO US urS UP P V/VO

7 ".84 5.852 2•.153 1.095 480.8 0.8080

- 5.4"74 2).03"7 1.013 434.7 0.8149
[- 5.458 l.988 0.993 42)4.9 0.8181

- 5.438 2.005 0.994 423.8 0.8172

US a 3.205 2.252 UP KM/SEC SIGMA US * 0.3 PERCENT

COMMENTS-

1) SOURCE: WALSH. J. H., RICE. H. H.. MCOUEEN, R. G. AND YAROER. F. L.
PHYS. REV., VOL. 108. P. 169 FF. (19571
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. HEX.

21 EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE 8

- STANDARD MATERIAL 24ST ALUIMINUM(3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A OIVEN FREE--SURF"ACE VELOCITY AND APPROXIMATELY I PER CENT IN!
COMPRESSION AT A GIVE:N PRE[SSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.
51 CL ANO CS VALUES WERE OBTAINED FROM L. BEROGMAN. DER ULTRASCHALL

S. HIRZEL VERLAG. STUTTGART. 1954. 6TH ED., P. 650
61 VOL WAS TAKEN FROM THE A. 1. P. IHIANOBOOK (MCGRAW H!LL 00K CO.1

U06/1's'77
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1,
IRON

FE

VO , 0.1872 CC/O CL a 5.95 101/SEC. CO - 4.627 KM/SEC.
VOI - 0.1271 CCOL. CS - 3.240 Kit/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM'SCC.
PRESSURES IN KILOSARS AN DENSITY IN 0/CC.

TABE.,

- SAMPLE - STANDARD
RHO0 US UP P V/VO US P MAT

7.86 5.57 1.09 477 0.804 339 BR
7.86 6.54 1.64 843 0.749 847 -
7.86 6.57 1.66 857 0.748 860 -
7.86 6.65 1.7" 911 0.738 917 -
7.86 6.71 1.79 943 0.733 950 -

7.86 6.63 1.86 968 0.720 988 -

7.86 6.89 1.89 102. 0.726 1030 -
7.86 6.95 1.89 1033 0.728 1034 -
7.86 7.42 2.17 1267 0.707 1267 -
7.86 7.42 2.19 1276 0.705 1276 -
7.86 7.65 2.32 1397 0.697 1397 - a
7.86 7.58 2.3' 1393 0.692 1393 -
7.86 8.00 2.57 1618 0.679 1618 -

7.86 8.22 2.68 1728 0.675 1728 -
7.86 8.20 a.68 1730 0.673 1730 -
7.86 5.33 1.03 430 0.807 5.40 CU
7.96 5.49 1.0' 451 0.910 5.44 -

7.86 5.57 1.10 481 0.803 5.52
7.86 5.60 1.13 499 0.797 5.57
7.86 5.57 1.1' 496 0.796 5.57
7.88 6.29 1.45 718 0.769 6.05 -

7.96 6.84 1.81 973 0.735 6.57 -

7.86 7.40 2.Ia 1232 0.714 7.03 -

7.86 7.36 2.13 1231 0.711 7.04 -

7.87 7.67 2.30 1385 0.701 7.29
7i:87 7.57 P.31 1375 0.595 7.29
1.67 7.73 2.33 1416 0.699 7.34
7.67 7.68 2.34 1405 0.593 7.34
7.86 6.14 2.60 1663 0.681 7.73 -

7.86 6.16 Z.64 1693 0.677 7.78
7.95 8.68 Z.69 1967 0.667 8.17 -

US - 3.768 * 1.655 LP XM/SEC. SIGMA US * 0.101 PERCENT

COIMICNT$:

I) SOURCE• MCO•UEN, R. 0. AND MARSH, S. P.
J. APPL. PHYS., VOL. 31. P. 1263 (19601

UO/I4/77
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ALSO PRIVATE COMUJNICATION
* LOS ALAMOS SCIENTIFIC LABORATORY, COWX-6. LOS ALAMOS, N. MEX.

2) EXPERIMENTAL TECHNIOIA S
DATA REDUCTION TECHNI4IUE B
STANDARD MATERIAL AS INDICATED IN THE TABLE.

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) CL AND CS VALUES WERE OBTAINED FROM TiE AMERICAN INSTITUTE OF

PHYSICS HANDBOOK. "0 ED., 1957
5) VO1 WAS OBTAINED FROM THE SAME SOURCE

U /-
L
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S~41---5

IRON, ARMCO

FE 99.99 PERCENT

VO - 0.1274 CC/O CL * 5.97 KMIISEC
VOi- 0.1269 CCtO

TABLE I LISTS LONGITUDINAL SOW VELOCITY AS WELL AS SHOCK AND
PARTICLE VELOCITIES Or THE MULTIPLE WAVE SYSTEM IN KM/SEC. 0 IS THE SAM-
PLE THICKNESS IN MtI AND THE EXPERIMENT OR LINE MNIUMER (NO) FOLLOWS THE
MJBERING OF THE SOURCE. FOR THE PRESSURES AND V/VO SEE TABLE 1i

UNCERTAIN POINT. SEE COMIMNTS

TABLE I

NO CL USI UPI US2 We US3 UP3 0

6 5.97 6.04 0.0143 5.09 0.277 133.63
7 - - 5.04 0.313 56.93
a - - 5.05 0.32' 38.63
9 - 5.09 0.327 24.74

10 - 5.12 0.335 25.41
II - - 5.13 0.325 25.46

24-• 5 5.92 5.99 0.0170 24.78
26-28 - - - 5.01 0.302 25.34
29-31 5.81 5.74 0.0291 25.49

29-31 - 5.33 0.0332o

32-34 4.995 0.339o 25.48
35 5.90 5.91 0.0151 25.30
36 5.89 5.92 0.0254 25.23

IA 6.04 0.0142 5.09 0.2635 133.63
C2A 5.04 0.3105 57.2

3A - - 5.05 0.324 3.13 0.402 38.63
4A 5.06 0.321 0.420 31.8
5A - - 5.05 0.327 3.41 0.465 24.74
6A 0.32 0.50 19.11
7A ...- 0.330 3.61 0.5345 13.25
BA - - - 0.3405 3.71 0.5665 7.21

US3 a 1.76 + 3.46-UP KM/SEC FOR UP FROM 0.4 TO 0.6 KM/SEC
SIGMA US3 - 0.033 KM/SEC

C TABLE II LISTS OENSITY IN G/CC AND PRESS-RE IN KDARS. THE SIONIFICANCE
"OF THE THERMAL HISTORY (THIST) IS GIVEN IN THE COMtfN75. AS IN TABLE I
THE LINE NMIBERINO FOLLOWS THAI OF THE %OUI(CE.
* UNCERTAIN POINT. SEE COMMENTS

1

UOS' 14,77
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TABLE: 1 I)

NO RHOO P1 VI/VO P2 V?/VO P3 V3/VO THIST

6 7.851 6.9 0.9979 1 Ia. I 0.924W ANN
"7 - - - =124.9 0.9362

813- 129.7 0.9366
19 - - - 131.8 0.9350 °I
0 - - - 135.1. 0.9350 -
i1 - - - 32.0 0.9374

2':-25 7.954 8.0 0.997' AR
26-n8 - - - 127.6 0.9362
29-31 7.840 13.1 0.9949 CR
29-31 - 14.8 0.9941*
32-34 - 134.9 0.9330a
35 7.844 7.0 0.9977 CRHT
36 7.842 11.8 0.9959 CRHT
IA 7.G51 6.8 0.9977 106 0.94187
3A - - 130 0.9363 147 0.909
5A - - 131 0.9356 165 0.892
7A - - 132 0.9351 188 0.877
1BA - - 136 0.9331 200 0.871

V

COMMIENTS:
1) SOURCE: H IN SHALL, F. S. 1

MET. SOC. COt.F.. VOL. 9. P. 249 (1961)
ALSO BANCROFT, S.. PETERSON. E. L. AND MINSHALL. S.
ALSO. ACRLT. PHYS.. VOL. 27. P. AN91 N19 L.)

2) EXPERIMENTAL TECCHNIQUE A. EXCEPT NO. 24-25. 29-31. 35 AND 3E. WHERE
TECHNIQUE G WAS USED.

DATA REDUCTION METHOD 0 WITH 2UP - UFS
3) THE FIRST WAVE ISUBCRIPT I) IS INTERPRETED AS THE ELASTIC WAVE AND

WAS ASSUMED TO BE IDENTICAL TO THE ONE MEASURED IN IA FOR LINE IA-BA
AND EOUAL TO THE ONE MEASURED IN LINE 6 FOR LINE 6-11. EVEN THOUGH
IN LINE 10. THE INITIAL SAMPLE TEMPERATURE WAS -51 DEG. CENTIGRADE
AMD IN LINE 11. +56.5 DEG. CENTIGRADE.
THE ELASTIC WAVE IN EXPERIMENTS a9-31 SEEMED TO BE SPLIT INTO TWO
WAVES. BOTH RUNNING SLOWER THAN THE LONGITUDINAL SOUND VELOCITY. THIS
DOUBLE HAVE STRUCTURE WAS USED IN THE ANALYSIS OF LINE 32-34

4) THE THERMAL HISTORY SYMBOLS ARE DEFINED AS FOLLOWS:
ANN u ANNEALED
AR - AS RECEIVED

CR - COLD ROLLED
HT - HEAT TREATED: EXP. 35 HELD AT 950 DEG. C. FOR 2 HIRS

EXP 36 HELD AL 600 DEG. C. FOR 2 HRS
5) THE ATTENUATION OF THE 3RO SHOCK WAS TAKEN INTO ACCOUNT IN EXP. IA-8A
6) HERE A REFERS TO THE RESULTS OF THE EARLIER REFERENCE. P AND V/VO

WERE NOT CALCULATED FOR EXP. SA BECAUSE OF THE LOWER ACCURACY OF THIS
SIMPLER EXPERIMENT, AND FOR 2A AND 4A BECAUSE THESE WERE DESIGNED
PRIMARILY TO MEASURE US2, FOR USE IN LINES 3 5 7 AND 8.

"7) ALL VALUES OF P8 EXCEPT THOSE OF THE 133 MIM SAMPLES. NO 6 AND IA WERE
FOLLOWED BY A THIRD WAVE AND THEREFORE TRANSITION WAVES. A PLOT OF

UO6/4'/77
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Pa VS. ,,D SUI, STS THAT THE TRANSITION COULD BE AS LOW AS 123

8) VOl W BAS OTAINED FROM wYCKOF", CRYSTAL STRUCTURES. VOL. I JI
WILEY AND SOGINS, NEW YORK, 19631

Iio
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41 --- 6
IRON

FE

II j
SVO 0- O. •--'N CC O.

VOl 0.1272 CC/O. CS * 4.65 Kl/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN Kt/SEC..
PRESSURE IN KILOBARS AND UJCNSITY IN 0/CC.

TABLE

RHO0 US U P V/vO

7.895 5.30 0.97 400 0.8170
- 5.38 1.00 422 0.8143
- 5.54 1.14 500 0.7943
- 7.27 2.26 1290 0.6892
- 7.54 2.38 1410 0.6845
- 8.89 3.25 2270 0.6345
- 9.36 3.56 2620 0.6196
- 9.98 3.83 3000 0.6161

- 10.45 4.20 3440 0.5981
- 10.67 4.32 3620 0.5952
- 11.10 4.59 4000 0.5865
- 11.32 4.83 4290 0.5734
"- 12.00 5.17 4870 0.5692

LUS * 3.74 * 1.594 UP. SIG.US - 0.066 K1/SEC.
FOR UP - 0.97 TO 5.17 KM/SEC.

COt I"ENTS:

1) %.UR£CE AL'TS).LER. L. V.. IRUPNIKOV. K. K., L.EDENEV. B. N..
ZHUJCHIKHIN. V. i. AND BRAZHNIK M. i.
SOVIET PHYS.-JETP. VOL. 34. P. 606 (19561•

S2) EXPERIMEINTAL TECHNIOUE A.

DATA REOUCTION TECHNIOLC 0. FOR US AANOINO TO 7.54 KM/SEC.
AND TECHNIQUE A. FOR IS a 5,.5 AND ABOVE 9.0 IKM/SEC.

31 VOI WAS OBTAINED FRO" THE AMErRICAN INSTITUTE OF PHSlCS HNBO

iICORAW-HILL BOOK CO. N.Y.. 19631 0N ED.
'4) EACH VALUE OF US AND IP IS THE AVERAOG VALUE TAKEN FROM THREE OR FOUR

EXPERIMENTS. TiE RELATIVE SIGMA IS 1.0 PERCENT.
0) THE PRESSURES WERE 11EASUIED WITH 1.5 - 2.0 PERCENT ACCURACY.
6) CSI IS CALCULATED USING THE VOLUME COMPRESSION COEFFICIENT TAKEN FROM

P. W. BRIOOMAN. THE PHYSICS Or HIOH PRESSURE. 10. BELL AND SONS LTD.

LONDON 1950)

'/1

- U 1.10614/77
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-" 4l---?

IRON

FE

VO O.1274 CL a 5.95 KM/SEC. Co 4.627 KM/SEC.
VO! 0 . 1271 CC/O CS - 3.240 I@11SEC.

IN THE TABLE BELOW. VELOCITIES ARE OIVEN IN KM/SEC.. PRESSUI"E IN
KILOSARS AND DENSITY IN O/CC ST DESIONATES THE STANDARD METERIAL USED

AS STRIKER. U(ST) IS THE VELOCITY OF STRIKER BEFORE IMPACT.

TABLE

RHO0 US UP P V/Vo ST U(ST)

7.85 7.01 1.90 1045 0.7 M: AL 5.60
- 8.44 2.80 2855 0.W84 FE 5.60

1 20.67 4.86 3568 0.6010 FE 8.64
- 1.i 4,55 4022 O.509 FE 9.10

- 15.10 7.3' 8700 0.5136 FF 14.68

US 4.29 1 .49 UP KM/SEC. FOR UP BETWEEN 1.90 10 7.34 KM/'SC.
SiGMA US a0.15 KM/SEC.

COMME•NT$St

11 SOURCE: AL'TSHULER, L.V., KORMER, S.S.. BAKANOVA. A.A.

AND TRUNIN. R.F.
SOVIET PHYS.-JETP. VOL. !I. P. 573 (29600
AL'TSHILER ET AL
SOVIET PHYS.-JETP. VOL. 15. P. 85 (1968).

R) EXPERIMENTAL TECHNIOUC '.
•DATA REDUCTION TECHNIIUIX A

31 THE PRESSURES WERE f'RODUCtO BY AN EXPLOSIVELY ACCELERATED ALUMINUM
ii OR STEEL PLATE AS INO!CATED IN COLUMN 6.

4) FOR PRESSURES TO 40qo KILOBARS THE RELATIVE SIOMA FOR US AND UP
010 NOT EXCEED 1.0 PERCENT. EACH POINT IS THE AVERAOE OF 4 10 6
EXPER, 1LNtS.

51 THE U UNCCRt'AINTY Or IN• VALUES IN THE LAST TABLE ENTRY ARC:
I WECENT IN US OBTAINEO FROM S TO 8 EXPERIMENTS AND 1.5 PERCENT IN

1UIST! OBTAINED FROM la EXPERIMENTS.
63 CL CS AND VOI WEE• OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS

HANDBOOK IMCGRAW-HILL DOOK CO. N.Y., 2963) aNO CO.

U06/124/77
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i 41 --- a

IRON

t FIE

VO - 0.127'. CC/O

Vol * 0.1272 CC/O.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURRE IN

KILOBARS AND DENSITY IN O/CC.

TABLE

RHOO US IP P V/VO .

7.85 15.50' 7.71 9380 0.5025
- 15.15 7.52 8940 0.5038
- 15.10 7.32 8700 0.5139

US - 7.59 * 1.02 UP KM/SEC. FOR UP BETWEEN 7.71 T07.32 KM/SEC.

SIGMA US 0.12 KM/SEC.

( I,

COHMENTS: I'

I) SOURCE: KRUPNIKOV. K.K., BAKANOVA. A.A.. BRAZHNIK. M1.1 f
AND TRUNIN. R.F. "

SOVIET PHYS.-JETP, VOL. 8. P. 205 (1963)

e) EXPERIMENTAL TECHNIOUE A (UNCERTAIN. NOT DISCUSSED I

DATA REOUCTION TECHNIOUE A FOR LAST ENTRY. THE REST IS NOT DISCUSSED

3) Vol WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HAi1OOK

(MCORAWHILL BOOK CO. 1963) ZND ED.

UOIS14'177
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41--9i

FE

(-
VO •0.I188 CC/o.

VOl 0.1272 CC/G.

THE TABLES BELOW GIVE THE VELOCITIES OF RELAXATION WAVES. C. AT VARIOUS
PRESSURES. THE HUJONIOT STATE THE RELAXATION WAVE TRAVELS THOUGH IS
"GIVEN BY US. UP. P, OR V/VO. DENSITY IS GIVEN IN G/CC. VELOCITY IN
KM/SEC AND PRESSURE IN KILOBARS. IN TABLE II. ST DESIGNATES TIE MATERIAL
OF THE STRIKER PLATE. U(ST)IS THE VELOCITY 9IFORE IMPACT AND US(ST) IS
THE SHOCK VELOCITY IN THE PLATE AFTER IMPACT.

TABLE I

SOUND VELOCITIES
PERPENDICULAR TO SHOCK DIRECTION

RHOO US UP P V/VO C

7.81 5.34 0.98 409 0.816 7.15

US -

i.i

TABLE I1

SOUND VELOCITY
(i PARALLEL TO SHOCK DIRECTION

--- HUGONIOT STATE -------- -- DRIVER SYSTEM--

RHOO US UP P ViVO C ST UIST) US(ST)

7.81 7.01 1.91 1045 0.7278 AL 5.60 10.31
- 5.76 1.20 542 0.7918 6.70 AL 5.60 10.31
- 5.34 0.99 415 0.8143 6.12 AL 5.60 10.31

8.57 2.86 1914 0.66M FE 5.71 0.54
8.21 2.52 1680 0.6793 6.49 FE 5.71 8.54

- 7.39 2.18 1223 0.7117 7.05 FE 5.71 8.54
10.7 4.15 3478 0.6061 9.96 FE

- 9.86 3.70 M649 0.6250 9.53 FE

US-

COMMI9NTSt

I) I SURC ALTU4.L[R. L. V.. KOWCI. S. 9., *ABAINIK. r I..
VLADIMIROV, L. A. AND FUNTIKOV, A. I.
SOVIET PHYS.-JET.P VOL.11. P. 76 119501

I) CXPCRIIIENTAL TCHNIOM1 A WAS USED IN TAKE II rF TIE FIRSt TI.r

UOS 14/77
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ENTRIES. FOR ALL OTHER ENTRIES EXPERIMENTAL TECHNIQUE 8O WAS USED. 4,

THE HUGONIOT STATE 14AS DETERMINED FROM ONE MEASURED PARAMETER
AND tHE KNOWN EQUATION OF ST.,TE. ALNTSHULER ET AL. SOVIET PHYS-JETP.
VOL. I]. P. 573 (1960).

3) THE SOUND VELOCITY IN TABLE I HAS OBTAINED FROM THE 14AF-E OF THE FREE
SURFACE AFTER IT HAD MOVED SOME DISTANCE. IN TABLE II THE SOUND
VELOCITY WAS ODTERrMINED FROM THE ATTENUATION IN TIH MEASURED SHOCK OR
FREE SURFACE VELOCITY PRODUCED BY TiE RAREFACTION WAVE ORIGINATINI
AT TIE REAR SURFACE OF THE STRIKER PLATE.

4) VOl WAS OBTAINED FROM THE HANDBOOK OF CHEMISTRY AND PHYSICS (THE
CHEMICAL RUBBER PUBLISHING CO. CLEVELAND. OHIO. 1952-1963) 44TH ED.

5) THE MEASURED SOUND VELOCITY IS HIGHER THAN THE CALCULATED SOUNDj VELOCITY FOR A PURELY NONELASTIC SAMPLE.

I

J16"?
-AYR Fd

.. UrnIq i'r
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41 ---10
STEEL, 1020 ALLOY [IRONi

c . 18-0.;3 EI IGHT. PERCENT
mN 0.30-0.60 - "

P 0.040 MAX IMIUM
/i ~S 0. 050 ..

" FI~~E KMA1 I NIDER-"

VO- O.IZ76 CC/O CL a 5.93 KM/SEC

TABLE I LISTS LONGITUDINAL SOUND VELOCITY, SHOCK VELOCITY AND PARTICLE

VELOCITY IN KM/SEC. THIS DOUBLE WAVE SYSTEM CORRESPONDS TO THE PRESSURES

AND COIPRESSIONS IN TABLE I I. THE LINE NUMBERS ARE THOSE OF THE SOURCE.

D IS THE SAMPLE THICKNESS IN M.

TABLE I

NO CL USI UPI US2 UPI 0

1 5.94 6.02 0.0240 5.08 0.1900 127.01

S- 5.93 0.0256 5.09 0.2700 127.01

3 - 6.03 0.0239 5.11 0.1700 127.00

4 5.91 6.08 0.0264 5.12 0.245 127.01

12 5.93 5.95 0.0330 5.09 0.318 51.01

13 - 5.95 0.0270 5.09 0.317 50.90

14 5.91 5.90 0.0264 5.08 0.2228 126.98

15 - - 5._05 0.342 26.86

US.

TABLE 11 LISTS THE DENSITY IN O/CC AND PRESSURE IN KBARS. THE SIGNIFI-

CANCE OF THE THERMAL HISTORY ITHIST) IS GIVEN IN THE COMMENTS. AS IN

TABLE I THE LINE NUIMERINO FOLLOWS THAT OF THE SOURCE.

TABLE 1 I

NO RH40 P3 VI/VO P2 V2/VO THIST

1 7.37 I1. 0.9961 77.4 0.9632 AR

& 1 31.9 0.M93 109.5 0.9475 -

1 11.3 0.M1 6f.l 0.9670 -
4 7.1136 12.6 0,.9960 100.1 0. S95 -

It 7.9715r s.4 0.9945 12"9.2 0.9381 -

is - 12.6 0.9953 12t.3 0.9331 ANN
1% 7.8139 12.4 0.M g0,5 0.9571 -

C 35 I - - 1337. 0.9477 -

u@SI'9"T

LOW 14177
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I) SOURCE: MINSHALL. F.S. A 8

MET. SOC. COW.. VOL. 9. P. 249 (1961)
{ J. APPL. PHYS.. VOL 25. P. 463 (19551

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION METHOD D. WITH 2UP - UFS I,

3) THE THIST SYMBOLS ARE DEFINED AS rOLLOWS
! ( AR - AS RECEIVED

ANN - AI4•EALED
4) IN TABLE 11 ONLY VALUES OF PZ ABOVE !V8 KBARS ARE TRANSITION POINTS

:(I

U,14177
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41---11
STEEL, 1040 ALLOY (IRON)

C 0.37-0.44 HEIGHT PERCENT

MN 0.60-0.90 - -

P 0.040 MAX. - -

FE REMAINDER - -

VO - 0.1277 CC/G CL - 5.92 KM/SEC

TABLE I LISTS LONGITUDINAL SOUND VELOCITY, SHOCK AND FARTICLE VELOCITY

IN KM/SEC. THIS DOUBLE WAVE SYSTEM CORRESPONDS TO THE PRESSURES AND
COMPRESSIONS IN TABLE 11. THE LINE NUMBERING FOLLOWS THE SOURCE. D IS
THE SAMPLE THICKNESS IN MM.

TABLE I

NO CL USI UPI US2 UP2 0

5 5.92 5.97 0.0124 127.02
- - 5.54 0.0248 5.18 0.2500 - SEE COMMENTS

16 5.93 5.99 0.0294 5.10 0.2240 126.94
17 - - 5.06 0.3364 26.84
20 5.89 5.96 0.0268 127.26

- - 5.51 0.0326 5.11 0.2724 -

US.

TABLE II

NO RHO0 Pl VI/VO P2 V2'VO THIST

5 7.818 5.8 0.9976 AR
- - 11.2 0.9960 102.4 0.9522 -

16 7.833 13.8 0.9964 91.5 0.9572 ANN

17 - - - 135.9 0.9345

20 7.834 12.5 0.9957 AR
"- - 15.0 0.9941 111.0 0.9471 -

COMMENTS

1) SOURCE: MINSHALL, F.S.
MET. SOC. COWF.. VOL. 9. P. 249 (1961)

D. APPL. PHYS.. VOL 26, P. 463 uI955)
2) CXPERINENTAL TECHNIOUE A

DATA REDUCTION METHOD D. WITH 2UP - UF S.

3) THE THIST SYMBOLS ARE DEFINED AS
AR AS RECEIVED
AlNN - ANNEALED

U06/1I4/77m -~ - -~ - -
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4) IN THE ABOVE TABLE ALL VALUES OF P2 ARE BELOW THE TRANSITION EXCEPT

THE ONE FOR EXPERIMENT 17 WHICH INDICATES A RELATIVELY HIGH TRANSI-
TION POINT

5) THE FIRST WAVE IN EXPERIMENT 5 AND 20 APPEARED TO BE SPLIT INTO TWO
PRESSURE STEPS. P2 WAS THEREFORE CALCULATED AS THE THIRD WAVE IN A
THREE WAVE SYSTEM. NOTE THAT THIS D!D NOT OCCUR IN THE ANN1EALED SAM- I( PLES

,(
i

C!

"" i

S( I

U06 1/T
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41 --- 12
STEEL. 1055 ALLOY (IRON)

C 0.50-0.60 WEIGHT PERCENT
MN 0.60-0.90 - -

P 0.040 MAX. - -

S 0.050 - - -
FE REMAINDER

VO ,2 0.127
LI

TABLE I LISTS LONGITUDINAL SOUND VELOCITY, SHOCK AND PARTICLE VELOCITY
IN KM/SEC. THIS DOUBLE WAVE SYSTEM CORRESPONDS TO THE PRESSUR:ES AND
COMtPIRSSI0NS IN TABLE II. THE LINE NUMBERING FOLLOWS THE SOURCE. D IS
THE SAMPLE THICK*SS IN M91.

TABLE I

NO CL USI UPI US2 UP2 0

Is 5.98 0.0310 5.13 0.2305 127.00
S19 - - 5.11 0.3465 26.82

21 5.90 5.99 0.0284 5.13 0.2249 127.24
22 5.93 6-01 0.0302 127.04
23 5.90 6.00 0.0319 124.64

US-

TABLE Ii

NO RHOO PI VI/VO P2 V21VO THIST

18 7.824 14.5 0.99%2 94.5 0.9561 ANN
Is - - - 140.5 0.9326 ANIN
21 7.8M- 13.3 0.9953 92.1 0.9570 AR
22 - 14.2 - ANN
23 - 15.0 0.9%6 AR

COMMENTS

1) SOURCE: MINSHALL. f.S.
MET. SOC. CONF., VOL. 9. P. 249 (1961)

2) EXPERIMENTAL TECHNIOUE A FOR LINE 1. 19 AND 21
* 1 0 FOR LINE 22 AND 23

DATA REDUCTION METHOD 0 WITH 2UP - UFS
31 THE THIST SYMBOLS ARE DEFINED AS FOLLOWSAR - AS RECEIVED

ANN - ANNEALED

41 ONLY THE 140.5 K"AR POINT OUALIFIES AS A TRANSITION POINT

UN/14/77E~ i i' ' ' ' ' ' ' "i......
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S41 --- 12
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STEEL, 1055 ALLOY (IRON)
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; ~41--13

IRON, ARMCO

:E 99.99 PERCENT
(t

TO * VARIABLE
VOIm O.1270 CC/O AT 5 DEG. C

THE TABLE LISTS THE TEMPERATURES IN DIG. K. AND THE PRESSURES IN KBARS
OF TWO IRON PHASE LINES.

PHASE TRANSFORMATION POINTS

TABLE

TO P

78 150
201 140
248 134
298 129
298 131
360 121
421 124x

481 12%
540 12%
54t3 121

600 113

660 113
723 it5
773 Ii
"783 115
793 105
"813 93
833 97
853 87
e875 59

975 48
1023 39
1073 32
1159 19

COMMENTS:

I) SOURCE: JOHNSON. P. C.. STEIN. B. A. AND DAVIS. R. S.
J. APPL. PHYS.. VOL. 33. P. 557 19521

2) EXPERIMENTAL TECHNIOUC: MICROSCOPIC EXAMINATION Or RiCOVERD- SH0(KEO
SAMPLES AND DETERMINATION OF THE BOICARY OF
THE TRANSFORMED PHASE. THE PRESSURE AITTENUA-

7' ION CURVE WAS ALSO DETERMINED IN TH1.IS MW
TEMPERATURES L ISTED ARC THOSE MMED DEUORE
SHOCK COMPRESSION.

DATA REDUCTION METHOD: COMPAPISON OF LOCATION OF THE BOUNDARY RTLEN

UO/ 14/77

i i :ii "F "' • '• .i~oi.--o-,•_¥ •r• l.. • ._• •.,,"
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TRANSFORMED AND UNTRANSFORMED MATERIAL WITH
THE PRESSURE ATTENUATION CURVE YIELDED TIE
ABOVE P-T LINE AFTER NORMALIZING TO YIELD TIE
13 KBAR AT 300 DEG K POINT OF MINSHALL.

3) A SHARP BREAK IN THE PHASE LINE AT ABOUT 770 DEG. K. CORRELATES WELL
WITH A DRASTIC CHANGE IN THE MICROSTRUCTURE OF THE TRANSFORIED REGION

41 UNCERTAINTY IN THE PRESSURE DETERMINATION APPEARS TO BE THE DETERMI-
NINO FACTOR. IMAXIMUM DEVIATION 7 KBAR

NOMINAL - 2-3 KSAR

- ii

(

( ,.

- ! I

- -
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41 --- 14
IRON (MILD STEEL)

C a FROM 0.40 TO 0.10 PERCENT
S a LESS THAN 0.06 PERCENT
P a LESS THAN 0.06 PERCENT
F( IE- REMAINDER

VO * 0.1?76 CC/G.

VOl - 0.1270 CC/O.

IN TABLE I BELOW, DENSITY IS GIVEN G/CC. AND VELOCITIES IN KMfSEC.,
ID IS IDENTIFICATION BETWEEN TABLES. 1, 2, AND 3 DESIGNATE FIRST,
SECOND. AND THIRD SHOCKS.
IN TABLE II. PRESSURE IS GIVEN IN KILOSARS.

TABLE I

ID RHOD USI UPI US2 UPe U53 UP3 i

1 7.84 5.85 0.027 5.13 0.285
2 - - - - 0.29( 3 . ... 0•295
4 . . .. 0.30
5 . . .. 0.31
6 - - - 0.315
7 . . ..- 0.32
8 - - - 0.3m5
9 . . .. 0.32
10 3.25 0.34
I1 . . ... 3.43 0.345

12 . . ... 3.24 0.355
13 . 3.30 0.36
14 .- 3.60 0.365
IS .- 3.36 0.37

16 .- 3.60 0.38
17 - - - 3.47 0.38

18 - - - 3.57 0.40

is - - - 3.77 0.42
20 . ... 3.7-5 0.425

21 - - - 3.58 0.43
22 . - - 3.76 0.48

23 - - - - - 3.89 0.4e5

24 - - - - - 3.87 0.49

25 - - - - - 3.87 0.51
26 - - - - - 4.16 0.52
27 - - - 4.13 0.5!28 - - - - - 4.00 0.52

29 - - - - - 4.12 0. 25
30 - - - - 4.26 0.58
31 - - - - 4.27 0.585
32. -. . .. 4 .24 0.59
33 -. . ... 4.42 0. 62.
34 -. . ... 4.54 0. 67 ,

35 -. . ... 4.a5 0.70
36 . . .. 4.75 0.71

37 - 4.70 0.74

Up U0147
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IRON (MiLD STEEL)

ID RHO0 USt UPFI USI UP2 US3 UPS

38 -.- 4.90 0.76

39 - - - - 5.00 0.77

40 . .. - 4.98 0.713

41 ..- - 5.05 0.785

US3 * 2.05 *+.79 UP KM/SEC.

TABLE 1I

10 Pi VI/VO P2 V2/vo P3 V3tVO

1 12 o.99O 115 0.9444

2 - - 117 0.9435
3 - - 119 0.9425

4 - - 121 0.9415

5 - - 125 0.9395

6 - - 127 0.9385

7 - - 129 0.9376

8 - - 131 0.9366

9 1 - t29 0.9376
10 134 0.9312

I - - - - 136 0.9301

12 - - - - 138 0.9263

L 13 - - - - 139 0.9250

14 - - - - 142 0.9247

15 - - - - 142 0.9222

16 - - - - 146 0.9204

17 - - - - 145 0.9197

Is - - - - 151 0.9145

19 - - - - 159 0.9087
20 - - - - 160 0.9089

21 - - - 160 0.9059

22 = - - - 176 0.8940

23 - - - - 179 0.8943

24 - - - 180 0.8927
25 - - - 187 0.8875
26 - - - 194 0.88

27 - - - 191 0.8908

29 - - - 195 0.8870

3o 0 - - 236 0.8757

33 - . - 273 0.8.893-- 253 0.95913

365 - - - 274 0.8581

37 - - - 294 0.8477

38 - - - 298 0.8475

39 - - - 305 0.8474

40 . ..- 309 0.8450
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41 . . . . 313 0.8454

( COMMENTS

I SOURCE. LETHASY AND SKIDMORE
PRIVATE COMMUNICATION (1965)

2) EXPERIMENTAL TECHNIOUE A.
DATA REDUCTION TECHNIOUE D. ASSUMING 2UP UFS.

3) VOl WAS CALCULATED FOR PURE IRON USING A LATTICE CONSTANT OF 2.86645
ANGSTROMSS AT ?0 DEG. CENTIGRADE.
A.C.A. MONOGRAPH NUMBER 5 (AMERICAN CRYSTALLOGRAPHIC ASSOCIATION,
POLYCRYSTAL BOOK SERVICE 1963) 2ND. ED.

4. o THIS REPRESENTS THE ALPHA TO EPSILON TRANSITION POINT.
THIS IS THE AVERAGE VALUE OBTAINED FROM 21 EXPERIMENTS.

U

:i

I U06' 1"'77
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IRON

;E 95.6 WT. PERCENT
SI 4.0 WT. PERCENT
H 0.3-0.4 WiT. PERCENT

I.

VO - 0.1309 CC/O.
VOI- 0.1311 CC/G.

IN THE TABLE BELOW, THE DENSITY IS GIVEN IN O/CC, VELOCITIES ARE IN
KM/SEC AND PRESSURE IN KILOSARS.

TABLE

RHO0 US UP P V/vO

7.646 5.684 1.07'. 467. 0.811
- 6.2'.7 1.382 660. 0.779
- 6.474 1.469 7e7. 0.773
- 6.9a3 1.861 994.. 0.734
- 6.996 1.90? 1017. 0.728
- 7.177 1.997 1096. 0.722 [
- 8.056 2.525 1555. 0.687
- 8.541 2.922 1900. 0.658
- 9.742 3.568 2657. 0.634

US - 4.07?2 1.563"UP KM/SEC. SIGMA US - 0.073 KM/SEC.

"( COItMENTS:

1) SOURCE: 8ALCHAN. A. S. AND COWAN. 0. R.
JOURNAL OF GEOPHYSICAL RESEARCH. VOL. 71. P. 3577. (19661

2) EXPERIMENTAL TECHNIQUE A

DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL IS NICKEL

3) THE STANDARD HUOONIOT WAS OBTAINED FROM THE FOLLOWING EQUATIION:
US - 4..612 * i.523*UP - 0.0140 UP**2 KM/SEC
THIS EQUATION IS A COMPOSITE FIT OF DATA OBTAINED FROM WALSH. J. H..
£l AL.. MATERIAL 39--l. MCQUEEN. R. 0. AND MARSH. S. P.. MATERIAL
39---2 AND AL TSHULER. L. V.. ET AL.. MATERIAL 39---3.

4) THE INiTIAL DENSITY IRHOO) IS A AVERAGE DENSITY.
5) A SHOCK TILT CORRECTION HAS APPLIED TO THE MEASURED SHOCK VELOCITIES

FOR BOTH THE DRIVER PLATE AND SAMPLE.
S) VOl WAS CALCULATED WITH A BODY CENTERED LATTICE PARAME7ER OF 2.W?20

*OR- 5 ANGSTROM: W. B. PEARSON. HANDBOOK OF LATTICE SPACINOS AND
STRUCTURES OF METALS, VOL. 4 ( PEROAMON PRESS, NEW-YORK. 19581.'C 0.001 ANGSTROM WAS ADDED TO THE LATTICE PARAMETER OF FE-SI AS A
CORRECTION FOR THE W CONTENT.

UOS,' 14,77r
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i41-16

* IRON POROUS

4-BPOROUS SOLID

CU 0.001 0.12 MOLE PERCENT
S! 0.13 0.01 - -

CA CR NI MN CO 0.03 0.05 " "
C 0.0-0.10 - -

' FE REST RE[ST " -

PARTICLE SIZE 5 -20 MICRONS

VO 0.120 0.188 CC/O
VOI- 0.1270 CC/0

THE TABLES LIST DENSITY IN 0/CC. VELOCITIES IN KM/SEC AM PRESSURE IN
KBAW. SEE COMMENT 7

TABLE I

_ RHOO USI IPI PI VI/VO US2 UP2 P2 V21VO

7.81 5.74 0.026 11.5 0.996 5.18 0.309 125.2 0.941

7.81 5.7,4 0.028 12.7 0.9%- 4.90 0.152 60.0 0.970

7.81 5.5 0.02 9.1 0.996 4.56 0.096 35.6 0.980

L:

TABLE II

RHOO USI UPI P! VI/VO US2 UP2 P2 V2/VO(j 5.58 3.30 0.012 2.2 0.9964 1.78 0.504 51.1 0.718
5.58 3.01 0.012 1.9 0.9962 1.37 0.336 26.6 0.758
5.58 3.49 0.02 3. 0.996 1.80 0.523 53.6 0.712
5.58 3.36 0.021 3.9 0.9938 0.84 0.22 13. 0.75
5.56 2.61 0.018 2.6 0.9932 0.67 0.14 7. 0.91
5.63 3.11 0.02 3. 0.995 0.77 0.20 11. 0.74
5.42 3.30 0.016 2.8 0.9953 1.21 0.342 "24. 0.72
5.50 2.83 0.011 1.9 0.9950 0.70 0.17 1. 0.77
5.50 3.08 0.012 2.8 0.9960 0.75 0.27 13. 0.78
5.33 2,73 0.014 2.0 0.9950 1.60 0.534 46.2 0.669

Ur2 - 0.217 * 2.92"UP Kt0SEC
SIG US - 0.1 KI/SEC.

COMMENTS:

I) SOURCE: SCHMIOT. D.N. AND LINDE. R.K.
AIR FORCE WEAPONS LAB. REP.: CONTRACT NO. AF 29(6011-7235
SRI PROJECT, POU-6127
STANFORD RES. INST., MENLO PARK, CALIFORNIA. U. S. A.

2) EXPERIMENTAL. TECHNIQUES: II AMN 12
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DATA REDUCTION TECHNIOUE: C. WAVE PROFILES WERE BROAD BUT WERE

APROXIMATED BY A STEP FUNCTION MOVING AT
TIH AVERAGE WAVE VELOCITY LISTED

3) THE FOOT OF THE ELASTIC WAVE IS BETWEEN I AND 10 PERCENT FASTER THAN
THE AVERAGE VELOCITY LISTED. THE PROFILE AND AVERAGE VELOCITY OF THE
PLASTIC (CRUSHING) WAVE WAS INFERRED FROM THE STRESS-TIME PROFILE AT

THE GUAGE-SAMPLE INTERFACE AND THE REVERBERATION TIlME OF AN ELASTIC
RELEASE WAVE REFLECTING OF THE CRUSHING NAVE.

.4) THE POROUS SAMPLES THAT YIELDED THE LAST TWO ENTRIES WERE HEATED
TO 1100 DEG. F IN A HYDROGEN ATMOSPHERE. THE SHOCKWAVES THAT PASSED
THROUGH THESE SAMPLES ALSO PRODUCED HIGHER COMIPRESSIONS. INDICA-
TING THE EFFECT OF ORGANIC AND METAL OXIDE IMPURITIES.

5) ALL POROUS SAMPLES WERE COMPACTED AND SINTERED AT 1600 DEO. F.
6) VOI WAS OBTAINED FROM A CUBIC CELL CONSTANT OF 2.8665 ANGSTROM

WYCKUFF* CRYSTAL STRUCTURES, VOL. I (INTERSCIENCE PUBLISHERS. NEW
YORK, 1963) 2ND. ED.

"71 NOTE THAT THE SECOND WAVE PARAMETERS REPRESENT A CRUSHING CURVE.
P IS AN EFFECTIVE LONGITUDINAL STRESS OBTAINED BY ASSUMING THAT THE
SAMPLE IS A HOMOGENEOUS MEDIUM.

LI

(

* I
ih

(i

;c
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IRON POROUS 
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41---17
IRON

FE

VO 0.1271-0.319W CC/G CL a 5.9%0'1/SEC CO - 4.59 KM/SEC[fVol -0OI1:69 CC/0 CS, a 3.26 KM'/SEC

IN THE TABLE BELOW. VELOCITIES AM GIVEN IN KM/SEC. PRSSURE IN KILOBARS
SANDENSITY IN O/CC.

TABLE I

---------------- SAMPLE -------------- ---- -----STANDARO -----

RHO US IP P V/VO MATERIAL

7.850 5.33 0.95 397. 0.6219 IRON '

7.843 5.46 1.00 428. 0.8168 IRON
7.850 5.56 1.06 463. 0.8094 IRON

" 7.847 6.20 1.43 696. 0.7694 IRON
7.850 6.24 1.44 705. 0.7692 IRON

1 7.850 6.58 1.65 852. 0.7492 IRON
7.850 6.66 1.73 904. 0.7402 IRON
7.947 7;07 1.96 1087. 0.7228 IRON
7.850 7.08 1.98 1100. 0.7203 IRON
7.831 7.56 2.27 1346. 0.6997 IRONA 7.847 7.81 2.44 1495. 0.6876 IRON
7.832 7.90 2.46 1522. 0.6886 IRON
7.809 8.09 2.61 1649. 0.6774 IRON
7.850 8.01 2.62 1647. 0.6729 IRON( 7.847 8.24 2.72 1759. 0.6699 IRON
7.850 8.23 2.72 1757. 0.6695 IRON
7.850 8.32 2.73 1783. 0.6719 IRON
7.850 8.26 2.73 1770. 0.6695 IRON
7.868 8.31 2.82 1844. 0.6606 IRON
7.840 8.49 2.89 19%N. 0.6596 IRON
7.842 8.81 3.06 2114. 0.657 IRON
7.8950 8.94 3.12 2190. 0.6510 IRON
7.850 8.99 3.18 2244. 0.6463 IRON
7.8950 9.10 3.19 2279. 0.6495 IRON
7.960 9.24 3.35 2433. 0.6374 IRON
7.860 9.28 3.36 2451. 0.6379 IRON
7.855 9.51 3.59 2682. 0.6225 IRON

US - 3.574+".920gUP-0.O68.UP-*2 lGirSEC r HUGONIOT FIT MADE BY THE SOURCE
COMPARISON LEAST SOUARE FITS:

US - AO + AILUP + A2*UP'*2 KM/SEC
"c . AO a 3.718 KM/SEC S10 AO - 0.082 KMiSEC

Al a 1.781 SIO Al a 0.079
AZ a -0.040 SEC/KM SIG A2 - 0.018 SEC/KM

Sl1 US - 0.049 K10/SEC

U0/4
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TABLE II

---------------- SAMPLE ------------------- ------ STANDARD-----

RHOO US UP P V/VO MATERIAL USISTI

7.861 4.84 0.57 217. 0.8822 2024 AL 6.48
7.840 5.39 0.97 410. 0.8200 2024 AL 7.23
7.840 5.37 0.97 408. 0.8194 2024 AL 7.23
7.840 5.41 0.99 420. 0.8170 2024 AL 7.27
7.840 5.58 1.06 464. 0.8100 2024 AL 7.41

7.865 5.52 1.06 460. 0.8080 2024 AL A1. 4I
7.857 5.48 1.07 461. 0.8047 2024 ALIN I
7.861 5.62 1.10 486. 0.8043 2024 AL 9
7.862 5.97 1.30 610. 0.7822 2024 AL 7.b.8
7.861 6.24 1.46 716. 0.7660 2024 AL 8.19
7.861 6.93 1.85 1008. 0.7330 2024 AL .95.9
7.862 7.15 1.99 1119. 0.7217 2024 AL 9
7.861 7.47 2.07 1216. 0.7229 2024 AL 9
7.861 7.45 2.15 1259. 0.7114 2024 AL 9.54
7.861 7.80 2.34 1435. 0.7000 2024 AL
7.861 7.75 2.35 1432. 0.6968 2024 AL
7.861 8.17 2.58 1657. 0.6842 2024 AL 1 W

7.861 8.11 2.59 1651. 0.6806 2024 AL 10.,36

US = AO + AI*UP * A2*UP*42 KM/SEC
AO = 3.764 KM/SEC SIG AO = 0.132 KM/SEC
Al = 1.682 SIG Al 0.18
A2 = 0.0115 SEC/KM SIG A2 0.054 SEC/KM

SIG US 0.067 KM/SEC

TABLE III

--------------- -SAMPLE -------------------- ----- STANDARD -----

RHCO US UP P V/VO F LRRIAL US(ST)

7.861 5.67 1.18 526. 0.7919 9%!-T AL 7.48
7.861 5.66 1.18 525. 0.794t9 921-T AL 7.48
7.861 6.35 1.54 769. 0.7575 921-T AL 8.21
7.861 6.33 1.54 766. 0.7567 921-T AL 8.21
7.861 6.86 1.86 1003. 0.7289 921-T AL 8.84
7.861 6.84 186 1000. 0.7281 921-T AL 8.84
7.861 7.58 2.26 1347. 0.7018 921-T AL 9.65
7.861 7.55 2.26 1341. 0.7007 921-T AL 9.65
7.861 8.17 2.56 1644. 0.6837 921-T AL 10.26
7.861 8.09 2.57 1t34. t 0.6823 921-T AL 10.26

US = AG + AIlUP + A2#UP-2 KM/SEC
AO = 3.651 KM/SEC SIG AO = 0.20 KM/SEC
Al = 1.697 SIG Al = 0.22
A2 = 0.018 SIG A2 = 0.058 SEC/KM

SIG US - 0.037 KM/SEC

TABLE IV

BEST AVAILABLE COPY

U06/14,77
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---------------- SAMPLE ------------------------------. STANDR. .

RHO0 US UP P V/VO MATERIAL US(ST)

7.864 5.25 0.99 409. 0.8114 Cu 5.33

7.9 56 5.41 1.01 429. 0.9133 CU 5.37
( 7.959 5.49 1.06 457. 0,8069 CU 5.44

7.861 5.48 1.07 461. 0.9047 CU 5.45

7.864 5.52 1.10 479. 0.8007 CU 5.49
7.964 5.49 1.10 475. 0.796 cu 5.49

7.961 5.95 1.30 608. 0.7815 CU 5.90
7.9 5 6.20 1.41 687. 0.7726 cu 5.97

S7.961 6.58 1.70 879. 0.7416 cu 6.37
7. 56 6.74 1.77 937. 0.7374 cu 6.48
7.961 6.74 1.79 943. 0.7359 CU 6.49

7.957 7.29 2.07 1186. 0.7160 CU 6.93

7.956 7.Z6 2.08 1186. 0."7135 CU 6.94

7.861 7.49 2.23 1313. 0.7023 CU 7.15
7.887 7.56 2.25 1338. 0.7024 Cu 7.19

7.867 7.46 2.26 1326. 0.6971 CU 7.19
7.867 7.68 2.29 1367. 0.7008 CU 7.24 ,i

7.867 7.51 2.30 1359. 0.6937 CU 7.24
7.859 8.03 2.55 1609. 0.68214 CU 7.62

7.961 8.05 2.59 1639. 0'6783 CU 7.67
7.852 8.55 2.83 1900. 0.6690 CU 8.05

US v AO + AI*UP + A2*UP**2 KM,'EC'
AO a 3.454 KM/SEC SIG AO a 0.138 KM/SEC
Al a 1.971 5SG Al - 0.167,,

A2 a -0.070 SEC/KM SIG A2 a 0.046 SEC/KM
SIG US - 0.058 KM/SEC

ICTABLE V
--------- -SAMPLE .------------------- .-----STANDARO- ----

RHO0 US UP P V/VO MATERIAL USIST)

7.882 5.22 0.90 370. 0.8276 TU-3 140 3.70
7.988? 5.17 0.91 37 1. 0.8240 TU-3 MO 3.70
7.882 5.34 0.98 412. 0.8365 TU-3 0 3.91
7.961 6.18 1.39 675. 0.7751 TU-3 MO 4.34
"7.861 6.17 1.39 674. 0.7747 TU-3 MO 4.34
7.61 6.25 1.42 690. 0.77-, TU-3 MO 4.38
7.961 6.40 1.54 775. 0.7594 TU-3 HO 4.53

7.861 6.39 1.54 774. 0.75W9 TU-3 1M0 4.53

7.861 7.74 2.37 1442. 0.6938 TU-3 MO 5.59
7.861 7.74 2.37 1442. 0.6938 TU-3 MO 5.59
7.861 7.74 2.37 1442. 0.6938 IU-3 M4O 5.59
"7.861 8.06 2.49 1582. 0.6918 TU-3 MO 5.76
7.961 8.66 2.97 2022. 0.67 TU-3 1<1 6.35

US a AO + A I*UP + A2LUPoo2

AO a 3.263 KM/SEC SIO AO * 0.131 3,SGrC
A] - 2.298 SIG Al a 0.156
A2 a -0.163 SEC/KM SIO A2 - 0.042 SEC'K/

SIO US - 0.054 KI,/SEC

U06/ 14477
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TABLE VI

----------.. -- - SAMiPLE ------------------- -STANDA R O-D.. ..

RHOO US UP P V/VO MATERIAL US.ST)

7.002 3.21 0.57 128. 0.8224 Cu 4.60

6.99w 3.25 0.70 160. 0.7853 CU 4.75

7.001 3.37 0.70 165. 0.7923 Cu 4.76

7.061 3.47 0.79 194. 0.7723 Cu 4.87

6.965 3.57 0.86 211. 0.7619 Cu 4.95

6.960 4.42 1.15 354. 0.7396 Cu 5.38

6.945 5.29 1.43 55. 0.7297 Cu 5.79

6.940 5.'14 1.45 517. 0.7179 Cu 5.60

6.988 5.42 1.57 595. 0.7103 cu 5.98

6.954 5.51 1.65 632. 0.7005 Cu 6.08

7.025 6.14 1.77 753. 0.7117 cu 6.31

6.968 5.90 1.94 756. 0.6881 cu 6.35

6.986 5.92 1.86 769. 0.6858 Cu 6.39

"7.070 6.24 1.95 860. 0. 6875 cu 6.55

6.913 6.29 2.01 974. 0.6804 cu 6.60

( 6.963 6.30 2.05 899. 0.6746 cu 6.65

6.979 6.43 2.09 938. 0.6750 cu 6.72

6.933 6.94 2.44 1174. 0.6484 cu 7.19

6.'959 7.60 2.80 1481. 0.6316 cu 7.71

7.046 7.93 3.01 1682. 0.6204 cu 8.02

6.945 8.07 3.05 1709. 0.6221 Cu 9.09

6.910 7.99 3.13 1728. 0.6083 cu 8.15

; ~US ,

---------------- ------------------SAMPLE T...... VISTANDAD

RI"O Us UP P /vO M.ATERIAL US(ST)

5.973 2.24 0.54 72. 0.75M9 Cu 4.49

5.993 2.44 0.0 95. 0.7336 Cu 4.60

5.884 2.74 0.79 127. 0.7117 Cu 4.76

5.913 3.03 0.94 168. 0.68m Cu %.95

6.054 3. U 1.12 245. 0.6906 Cu 5.20

6.041 4.02 1.25 304. 0.6"91 cu 5.38

6.000 4.68 1.56 438. 0.6667 cu 5.79

6.050 4.97 1.70 511. 0.6579 CU 5.98

6.104 5.50 2.00 67!. 0.6364 CU 6.39

5.920 5.73 2.19 743. 0.6178 Cu 6.60

5.919 5.91 2.28 798. 0.6142 CU 6.72

"5.820 6.82 2.63 1013. 0.6027 Cu 7.19

6.080 7.?2 2.98 1308. 0.5873 CU 7.71

L. 055 7.56 3.33 1520. 0.5607 * CU 8.15

US-

U06/14/77
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TABLE Vll

---------------- SA.LE -------------------- ------ STANDARD-----

RIDO US UP P V/VO MATERIAL US(ST)

1.77 0.59 50. 0.6667 Cu t.48

4.697 2.353 0.6 95. 0.6340 Cu 4.76

4.761 2.48 0.96 113. 0.61a1 Cu 4.67

4.5W 2.44 .06 117. 0.56% CU 4.95

..662 2.76 ,13 145. 0 .5903 Cu 5.05

4.650 4.23 1.74 342. 0.5Wf Cu 5.79

4.744 2.93 1.26 175. 0.5700 CU 5.20

4.651 3.20 1.43 213. 0.5531 Cu 5.38

4.720 3.99 1.77 333. 0.5w. Cu 5.80

4.680 4.29 3.91 383. 0.5548 Cu 5.98

4.827 4.57 1.96 432. 0.5711 CU 6.08

4.729 5.05 2.19 523. 0.5663 CU 6.35

4.909 5.08 2.19 546. 0.5669 Cu 6.39
4.901 5.27 2.36 615. 0.5484 Cu 6.60
4.734 5.33 2.44 616. 0.54Z2 Cu 6.65
4.619 5.43 2.51 630. 0.5379 CU 6.72
4.890 6.07 2.85 944. 0.5305 Cu 7.19

4.770 7.16 3.53 1206. 0.5070 Cu 8.02

4.958 7.35 3.58 1305. 0.5129 Cu 8.15

S~~US-t

TABLE IX

--.............. SAIPLE -------------------- ----- STANDARD---..

-HOO LUS LP P V/VO MATERIAL US(ST)

3.313 1.41 10.64 30. 0.5461 CU 4.49

3.222 1.50 L.94 45. 0.3733 Cu 4.73

3.472 2.314 1.05 78. 0.5093 CU 4.97

3.651 1.97 1.07 77. 0.469 CU 4.88
3.398 1.,97 t,.18 79. 0.4010 cu 4.98

3.380 2.30 1.24 96. 0.4609 Cu 5.05
3.3a.3 2.83 i ,65 155. 0.4170 cu 5.45

6.538 3.46 1 :95 #441,- 0.4364 CU 5.80

3.219 3.59 1.15D 227. 0.4540 CU 5.79

3.351 3.49 2.01 235. O0.4241 CU 5.85

3.716 4.Us 2,.16 325. 0.4667 cUi 6.08

3.494 4.6 2. P,37 395. 0.4903 CU 6.31

3.310 4.45 2.40 355. 0.44V7 cu 6.37

3. 133 4.2 2. •51 333. 0.4000 cU 6.35

;,.60 4.73 2.70 416. 0.42921 CU 6.60
3.1-49 2.73 441. 0.4394 CU 6.613

3,.260 5,6a? 3.16 579I. 0.43"77 CU 7,.13

3.323 5.63 3,.16 591. 0.4387 CU , 7.15

3.486 15.314 3.47 '767. 0.4W7 CU 7.57

3.4N' 6.,Log 3.M 7W, 0.4197 CU 7.71

3.443 6,92 3.95 928., 0.4M0 cu 8.07

U011/14/77
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IRON

SROo us tup P V/vo MATERIAL US(ST)

SiI,

COMMENTS:

1) SOURCE: MCQUEEN, R.O.. MARSH. S.P., TAYLOR. .J.W.. FRITZ. J.M.,
AND CARTER. W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA, KINSLOW tED.) (ACADEMIC
PRESS. NEW YORK, 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUE: B
DATA REDUCTION TECHNIQUE: A (TABLE I). B (THE REST)

3) Vol WAS CALCULATED FROM WYCKOFF. CRYSTAL STRUCTURES (JOHN WILEY AND
SONIS. N.Y.. 1963) V. I

4) TABLE I IS THE HUGONIOT OBTAINED FROM SYMMETRIC IMPACT. TABLES II
"THROUGH V CHECK THE INTERNAL CONSISTENCY OF THE OTHER STANDARD
HUGONIOTS OBTAINED WITH SYMMETRIC IMPACTS.

5) THE GRUNEISEN GAMMA OF 1.69 (OGAM) WITH THE ASSUMPTION THAT RHOO.GAM
a CONSTANT REPRESENTS THE BEHAVIOR OF THE POROUS SAMPLES. ALSO GIVEN
ARE (DV/OT)/V u 3.51E+5 PER DEG. AND CP - 0.448 JOULES PER 0. DEG.

6) I-UOONIOT ELASTIC LIMIT 15. - 14. KBAR (FINE -COARSE GRAIN; HARD)
HUGONIOT ELASTIC LIMIT 11. - 9. KBAR SOFT)

7) THE 921-T AL PLATE STOCK USED TO OBTAIN THE CROSS CHECK DATA IN
TABLE III IS SLIGHTLY POROUS

U061/14/77
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42 --- I
PALLADIUM

II

PO 99.6 PER CENT OR GREATER

VO 0.08368 CC/O.
VDIOi .08163 CC/G. ;

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MI/MICROSEC.,
PRESSURE IN KILOBARS, AND DENSITY IN 0/CC.

TABLE

RHOO US UP P V/VO

11.95 4.673 0.4728 262.5 08988
- 5.004 0.6200 37e 0.8761
- 5.374 0.8219 531 0.8471

US - 3.742 * 1.998 UP KM/SEC SIGMA US * 0.6 PERCENT

COMMENTS:

I) SOURCE: WALSH, J..,, RICE. M.H.. MCQIUCEN, R.G. AND YAPOER. F.L.
PHYS. REV.. VOL. 108. P. 169 FF. t1957)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. HEX.

2) EXPERIMENTAL TECHNIOUE 8
DATA REDUCTION TECHNIQUE 9

* STANDARD MATERIAL 2tST ALUMINUM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS

(6
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PALLADJIUM

PO 99.5 PERCENT OR GREATER

Vo - 0.0833 CC/G. CL a 4.57 KM/SEC. CO a 3.90 KM/SEC.
VOI - 0.09307 CC/G. CS a 2.06 KM/SEC. Ce a 3.80 K1M/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KILOBARS AND DENSITIES IN O/CC.

TABLE

SAIPLE STANOARD

RHOO US UP P V/VO RHOO US

12.00 4.737 0.467 265.5 0.9014 8.932 4.764
- 4.992 0.619 370.8 0.8760 8.934 5.024
- 5.396 0.856 554.3 0.6414 - 5.426

12.01 5.522 0.927 614.8 0.0321 - 5.548
S12.00 6.271 1.435 1079.9 0.7712 - 6.387

- 6.305 1.435 1085.7 0.7724 - 6.393
- 6.304 1.440 1089.3 0.7715 - 6.400
- 6.981 1.885 1579.1 0.7300 - 7.133
- 7.294J 2.109 1845.1 0.7110 - 7.494
- 7.398 2.196 1949.5 0.7032 - 7.632

7- 7691 2.361 2179.0 0.6930 - 7.910

US 4.063 + 1.538 UP. SIG.US - 0.03 KM/SEC.

COMMENTS:

1) SOURCE: MCOUEEN. R.G. AND HARSH. S.P.
REPORT NO. GIX-6-566. PP. 51-62 (1964)
LOS ALAMOS SCIENTIFIC LABORATORY, OWX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIGUE 9
DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL IS COPPER

3) THE COPPER MATERIAL L!NEAR EQUATION OF STATE IS REPRESENTED BY
US - 3.958 - 1.49"7 up Km/s£c.

THE PARTIAL (DE/DP)V - 0.056W CUBIC CM.
4) VOI WAS TAKEN FROM A.I.P. HAINDBOOK (IMCGRAW HILL BOOK CO.)

2ND ED.

U06%/ 1077



TABLE I
PALLADIUM

S~42--2

8t _

x
xp

7

5l N ,H

6x

x

5 x

Ln 41* 4 4,

2

0

-I I a a I

0 fI I III I

UP



PAGE 803

t PALLADIUM

PO

VO - 0.832 CC/OS~VOI a 0.831 CC/G

IN THE TABLE BELOW. DENSITY IS OIVCN IN 0/CC. VELOCITIES IN K0/SEC.
AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/vO
12.02 6.08 1.44 1050 0.764

- 6.ZZ 1.43 1066 0.770
- 6.71 1.81 1460 0.730

US - 4.02 *1.49 UP K10/SEC
SIGMA US 0.110 K10/SEC

COMMENTS:

I) SOURCE: LUNDBERO. LENNART.
PRIVATE COM MVNICATION
RESEARCH INSTITUTE OF NATIONAL DEFENSE. STOCKHOLM. SWEDEN

8) EXPERIMENTAL TECHNIOUE B.
DATA REDUCTION TECHNIQUE B.

3) THE VALUE OF VOi WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAOLE,
CRYSTALLOORAPHIC DATA ON METAL AND ALLOY STRUCTURES

(DOVER PUBLICATIONS, INC.. NEW YORK. N. Y., 1963).j
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42--- 4
PALLADIUM

t

PO

C
VO - 0.08333 CC/0 CL a 4.57 KM/SEC CO - 3.90 K0/SEC
VOI - 0.08328 CC/O CS - 2.06 KM/SEC CS a 3.80 KM0/SEC

* IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN O/CC.

* TABLE

-------------- SAMPLE --------------------------- STAIDCA ..-

RHOO US UP P V/VO MATERINAL US(ST)

12.000 4.67 0.44 247. 0.9058 CU 4.70
11.880 4.62 0.45 247. 0.9026 2024 AL 6.48
12.000 4.9e 0.59 348. 0.9801 CU 4.95

11.950 4.94 0.60 354. 0.8785 202'4 AL 6.86
* ( 12.020 5.31 0.80 511. 0.8493 2024 AL 7.35

12.000 5.32 0.82 523. 0. 8459 CU 5.35
12.010 5.44 0.90 588. 0.8346 CU 5.47
12.000 6.18 1.40 1038. 0.7735 CU 6.29
12.000 6.21 1.40 1043. 0.7746 Cu 6.30
12.000 6.21 1.40 1043. 0.7746 CU 6.31
12.000 6.88 1.84 1519. 0.7320 CU 7.03
12.000 7.19 2.07 1796. 0.7121 CU 7.39
12.000 7.29 2.15 Iasi. 0.7051 Cu 7.52
12.000 7.5S Z.32 2110. 0.6939 CU 7.80

US a 3.946 4 1.598oUP KM/SEC-'1
SIG US - 0.041 KM/SEC

COMMENTS:

I) SOURCE: MCOUIEN. R..,. MARSH. S.P.. TAYLOR. ..W.. FRITZ. .J.M..
AND CARTER. W.J.
THE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA, KINSLON (ED.) (ACADEMIC
PRESS. NHEW YOR,. 1970) CHAPTER VII

a) EXPERIMENTAL TECHNIOUEt B
DATA REDUCTION IECHNIOUE: B (STANDARD BASE PI.ATE AS SHOWN)

3) VOl IS THE 25 0EO. C. VALUE FROM WYCKOFF CRYSTAL STRUCTURES ,JOHN
* -WILEY AND SONS. N.Y.. 1963) VOL. I

4) V(OP/DE) a 2.260

U06/14/77
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43-1

RHOC1UII

!~vo ,- 0.00045 CC/O
i Vol - .08048 CC/O

IN THE TABLE BLOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN o/CC.

TABLE

---------- ------ SAMPLE ------------------- ----- STANOAR O -----

RHO0 US LP P V/VO MATERIAL US(ST)

12.420 5.40 0.37 248. 0.9315 202'. AL 5.68
12.430 5.38 0.43 286. 0.9198 CU 4.74
12.430 5.47 0.54 367. 0.9013 CU 4.94
12.420 5.79 0.71 511. 0.89774 204 AL 6.03

S12.430 5.86 0.80 583. 0.8635 CU 5.39
12.430 5.88 0.84 614. 0.8571 CU 5.46
12.430 6.26 1.06 8on. 0.8307 Cu 5.84
12.430 7.03 1.57 1372. 0.7767 Cu 6.70
12.430 7.11 1.61 1423. 0.7736 CU 6.78
12.430 7.08' 1.60• 478. 0.7627 CU 6.87`
12.430 7.39 1.84 1690. 0.7510 CU 7.15
12.430 7.47 2.00 1857. 0.7323 CU 7.39

12.430 7.80 2.19 2132. 0.7192 CU 7.71

US - 4.907" .376"UP KM/SEC
610 US - 0.069 KM/SEC

COMIMNTS:

1) SOURCE: MCQUEEN. R.G., KARSH. S.P.. TAYLOR, J.W., FRITZ. J.M..

AND CARTER. N.J. I &

THE EQUATION (OF STATE OF SOLIDS FROM SHOCK NAVE STUDIES,
HIOH VELOCITY IMPACT PHENOMENA. KINSLOI4 (ED.) (ACADEMIC.
PRESS. NEW YORK. 1970) CHAPTER VII

21 EXPERIMENTAL TECHNIQUE: 9
DATA REDUCTION TECMN!OUEa 0 (STANDARD BASEPLATE AS SHOWl) . A -.

3) VOl IS THE 25 DEG. C VALUE FROM WYCKOrF. CRYSTAL STRUCTURES (JOHN
WILEY AND SONS. N.Y.. 19631 VOL. I

( 41 V(DP/OC) - 1.68

UOS/14/77
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45 --- I

PLATINUM

PT 99.8 PER CENT OR OREATER

VO a 0.04679 CC/G.

VOl - 0.04651 CC/G.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MW/MICROSEC.,
PRESSURE IN KILOBA•MS, AND DENSITY IN 0/CC.

TABLE

RHOO US UP P ViVO

21.37 4.199 0.329 295 0.9238
- 4.306 0.4550 416.5 0.8943
- 4.495 0.6102 585 0.9642

US u 3.841 * 1.059 UP Km/SEC SIGCIA US - 0.5 PERCENT

COMMENTS:

I) SOURCE: WALSH. J. 1.. RICE. M. H.. MCOUEEN. R. G. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (1957)
LOS ALAMOS SCENTIFIC LABORATORY. GOX-6. LOS ALAMOS. N. HEX.

* 2) EXPERIMENTAL TECHNIIOUE B
DATA REDUCTION TECHNIUOE a
STANDARD MATERIAL 24ST ALUIMIN.UM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITYC" FOR A OIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES 14ERE MEASURED BY SPECTROCHEMICAL ANALYSIS.

I1
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PLAT INU M

PT 99.5 PERCENT OR GREATER

VOI- 0.0486 - CS - 1.79 - c- = 3,41 -

VOI v 0.0465 CCG. CS - 1.79 KM/SEC. Cs a 3.41 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC,

PRESSURE IN KILOBARS AND DENSITIES IN G/CC.
i TABILE

SAMPLE STANDARD

RH00 us UP P VtVO RH00 us

21.43 4. 179 0.360 322.1# 0.9139 8.932 4.764
- 4.365 0.48:3 451.8 0.88%J 8.934 5.0Z4
- 4.402 0.488 450.3 0.8891 5.040

- 4.662 0.675 677.3 0.8558 - 5.426
- 4.778 0.738 755.7 0.8455 - 5.5
- 5.420 1.150 1335.7 0.7878 - 6.387
- 5.465 1.152 1349.2 0.7892 - 6.400
- 5.442 1.180 1376.1 0.7832 - 6.443
- 6.014 1.526 1966.7 0.7463 - 7.133
- 6.316 1.700 2301.0 0.7308 - 7.482

5- .367 1.787 2438.3 0.7193 - 7.632
- 6.548 1.937 2718.1 0.7042 - 7.91D

US = 3.646 + 1.535 UP, SIG.US * 0,037 KM/SEC.

COMMENTS:

1) SOURCE: MC.UEEN. R.O. AND MARSH. S.P.
REPORT NO. OtX-B-566. PP. 51-62 (1984)
LOS ALAHOS SCIENTIFIC LABORATORY. G•X-6, LOS ALAMOS, N. MEX.

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL IS COPPER

3) THE COPPER HUJONIOT IS REPRESENTED BY
US - 3.9560 1.497 UP KiM/SEC.
THE PARTIAL (CE/OP)V m 0.0%52 CUBIC C1.

4) VO0 WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK (HCORAW-
HILL BOOK CO. N.Y., 1963) 2ND ED.

ICI14 K
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45---3
PLATINUM

PT 99.97 PER CENT OR GREATER

VO =0.04664 CCIO
vol=0.04662 CC/0

THE TABLE LISTS DENSITY IN QICC. VELOCITIES IN Km/SEC AND PRESSURE IN

KBARS.

TABLE

RHOO US LP P VI/VO

21.46 6.67 2.04 2920. 0.694
21.44 6.13 P.14 3080. 0.682
21.45 6.96 2.26 3380. 0.675
21.44 6.91 2.27 3360. 0.671 j
21.44 7.23 2.38 3680. 0.671j
21.45 7.13 2.48 3790. 0.652 £

21.45 7.17 2.49 3830. 0.653
21.43 7.39 2.52 4000. 0.658
21.46 7.45 2.60 4160. 0.651
21.44 7.49 2.66 4270. 0.645
21.44 7.64 2.70 4420. 0.6437
21.47 7.58 2.73 4440. 0.639
23.44 7.62 2.74 4470. 0.641
21.44 7.83 2.89 4840. 0.631
21.44 7.77 2.90 4830. 0.627
23.45 7.90 2.92 4950. 0.630
21.44 8.25 3.04 5380. 0.632

S21.45 8.21 3.08 5420. O.625
21.45 8.25 3.18 5620. 0.615
23.44 1.-18 3.18 5580. 0.611
21.44 8.37 3.19 5730. 0,619
21.44 8.46 3.25 5890. 0.616
21.45 8.59 3.28 6040. 0.618
21.45 8.59 3.37 6210. 0.608
21.45 8.87 3.46 6590. 0.609
23.42 P.60 3.48 6410. 0.596
21.45 9.75 3.49 6550. 0.601
23.42 8.91 3.49 6660. 0.608
21.42 8.88 3.49 6640. 0.607
23.44 8.67 3.52 6540. 0.594
21.43 8.07 3.59 6820. 0.596

US - 3.53 + I.50"UP KM/SEC

SIG US- 0.092 KM/SEC

COIIMENTS:

Ii SOURCE- MOROAN.J.A.

U06/14/77
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HIGH TEMP HIGH PRES. VOL 6. P. 195 (1974)

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE A

3) SYMMETRIC IMPACT USINO ACCELERATING RESERVOIR LIGHT GAS GUN
4) THE PRECISION IN UP,,I/2 IMPACT VELOCITY IS 0.2 PERCENT AND IN US

IS I. PERCENT( 5) THE SAMPLES WERE CAST ROLLED AND PEENEO TO THE LISTED OENSITY

(

4

C
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45--4

PLATIINUM

PT

(-S
VO a 0.04566 CC/G CL - 4.00 KM/SEC CO a 3.51 KMl/SEC
VOi 0.04660 - CS - 1.79 - CS - 3.64 -

THE TABLE LISTS VELOCITIES IN KM/SEC, PRESSURE iN KBARS AND DENSITY IN
G/CC. STANDARD MATERIAL DESCRIBES THE IMPACTOR

TABLE

---------- SAMPLE -------------------------- STANDARD-----

RHOO US UP P V/VO MATERIAL

21.370 4.15 0.32 284, 0.9229 2024 AL 6.48
21.430 4.1a 0.34 300. 0.9175 CU 4.70
21.370 4.25 0.44 400. 0.8%5 2024 AL 6.86

S21.430 4.30 0.46 424. 0.8930 CU 4.95
21.430 4.34 0.47 437. 0.8917 CU 4.97
21.370 4.44 0.60 569. 0.8649 2024 AL 7.32
21.430 4.61 0.65 642. 0.8590 Cu 5.35
21.430 4.71 0.71 717. 0.8493 CU 5.48
21.430 5.34 1.12 1282. 0.7903 CU 6.29
21.430 5.39 1.12 1294. 0.7922 CU 6.31
21.430 5.36 1.15 1321. 0.78954 CU 6.35
21.430 5.93 1.49 1893. 0.7487 cu 7.03
21 .430 6.22 1.66 2213. 0.7331 Cu 7.37
21.430 6.28 1.75 2355. 0.7213 Cu 7.52
21.430 6.45 1.90 2W62. 0.7054 CU 7.80

US a 3.598 + 1.544"UP
SIGMA US - 0.046 KM/SEC

COMMIENTS:

1) SOURCE: MCOQUEN. R.G.. MARSH, S.P., TAYLOR. J.I.. FRITZ, J.M..
AND CARTER. W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK IWAVE STUDIES.
HIGH VELOCITY IIPACT PHENOMENA. KINSLOW I(EO.) (ACADEMIC
PRESS. NEW YORK. 1970) CHAPTER VII

3) EXPERIMENTAL TECHNIQUE: 8
DATA REDUCTION TECHNIQUE: B (STANDARD BASEPLATE AS SHO4N)

3) VOl IS THE 25 0(O. C VALUE FROM WYCKOFF, CRYSTAL STRUCTURES (JOHN
WILEY ANI) SONS, N.Y., 1963) VOL. I

4) V4OP/D)-•2.4

S~U06/14t'77
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aRIDIUM

VO. 0.4452 CC/0
VI- 0.4434 CC/0

TWE TABLE LISTS VELOCITIES IN KM/SEC. PRESSURE IN KBARS AND DENSITY IN
O/CC. STANDAR MATERIAL DESCRIBE.$ THE IMIPACTOR

TABLE

RHOO US UP P VVO MATERIAL

22.420 5.418 0.9 1178. 0.9505 CU 6.0'
2.-500 4.90 0.67 739. 0.9633 CU 5.46

Z2.420 5.44 0.93 1134. 0 .8mg CU 6.0%

12.500 5.90 1.36 1805. 0.7895 CU 6.87
.2.500 6.26 1.63 2296. 0.7396 CU 7.39

S•4.500 6.73 1.93 2923. 0.7132 CU 7.99

US a 3.916 + 1.457"UP
SIOMA US a 0.081 KM/SEC

COMIIENTS:

1) SOURCE: MCQUEEN. R.G.. MARSH, S.P., TAYLOR, .I.W.. FRITZ. J.M..
AND CARTER. IJ.J.
THE EQUATION OF STATE OF SOLIOS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PIENOMENA. KINSLO14 (ED.) (ACADEMIC
PRESS. NEW YORK. 1970) CHAPTER VII

2) EXPRMIEN1AL TEC,.HNIQUE: 13

DATA REDUCTION TECHNIOUE: B ISTANDARD SASEPLATE AS SHOWN)
3) VOl IS THE 25 DEO. C VALUE FROM WYCK(OFF. CRYSTAL STRUCTURES (JOHNWILEY AND SONS, N.Y.* 1963) VOL. I

4) V(DP/)E'.I .97

C
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RHENIUM

RE

VO a 0.04764 CC/G CL - 5.33 KM/SE CO -4.16 KM/SEC

VOl - 0.04759 CC/G CS a 2.89 KM/SEC

IN THE TABLES BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBAR
AND DENSITY IN O/CC.

TABLE I

---------------- SAMPLE -- ---------- ------ STANDARD -----

.R.O0 US IP P V/VO MATERIAL USIST)

20.990 4.69 0.33 325. 0.9296 CU 4.72
20.960 4.74 0.43 427. 0.9093 CU 4.94
20.990 5.04 0.66 696. 0.8690 CU 5.42
20.990 5.19 0.69 752. 0.8671 CU 5.49

20.990 5.51 0.96 I1I0. 0.8m58 CU 6.04
-20.9C0 5.71 1.13 1354. 0.021 CU 6.36

US w 4.184 1 i.367"UP KM/SEC
SIOMA US - 0.050 KM/SEC C

VO - 0.04871 CC/O CO - 4.10 KM/SEC

TABLE Ii

-------- -----SAPE ------------------- ----- STANDARD- --- -

RHO0 US UP P V/VO MATERIAL USIST)

20.530 4.15 0.21 179. 0.g494 CU 4.41
20.530 4.08 0.37 310. 0.9093 CU 4.74
20.530 4.29 0.48 423. 0.-881 CU 4.9€
Z0.530 4.77 0.68 W66. 0.057' CU 5.39
20.530 4.79 0.72 706. 0.8497 CU 5.46
20.530 5.74 1.35 I"1. 0.7848 CU 6.70
20.530 5.87 1.38 1663. 0.7649 CU 5.78
20.530 5.61 1.44 1716. 0.75a2 CU 6.87
20.530 6.04 1.58 1959. 0.7384 CU 7.15
Z0.530 6.15 1.72 2172. 0.7203 CU 7,39
20.530 6.69 2.03 2786. 0.6986 Cu 7.99

US a 3.653 * 1.596"UP - 0.0530UP"? KM/SEC
SIG US - 0.11 K"/SEC

COM'ENTSi

/1I

.L I UOG/14/77
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1) SOURCEi MCOUEEN. R.O., MARSH. S.P., TAYLOR. J.1.. FRITZ. J.M..

AND CARTER. 1.J.
TIE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

HIOH VELOCITY IMPACT PHENOMENA. KINSLOI4 (EO.) (ACADEMIC

PRESS, NEW YORK. 1970) CHAPTER VII

23 EXPERIHENTAL TECI.INIOU:
DATA REDUCTION TECHNIQUE: B (STANDARD BASE PLATE AS SH40114)

3) Vol IS THE 25 OW. C. VALUE FROM WYCKOFF. CRYSTAL STRUCTURES (JOHN

WILEY AND SONS, N.Y.. 1963' VOL. I
4) V(OP/DE) * 2.440

(U

(7 .

U0B/ 14177
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CHROMIUM

CR 99.8 PER CENT OR GREATER

' VO 0.1405 CC/O.
i• ~vo I -0.1395 CC/0. i,

"IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN PIM/MICROSEC.

PRESSURE IN KILOBARS AND DENSITY IN i/CC.

TABLE

RHOO US UP P V/VO

7.13 6.043 0.5449 234.5 0.9099
- 5.923 0.5395 a33 0.9089
- 6.381 0.7436 338 0.0835 I
- 6.370 0.7449 338 0.8831
- 6.355 0.7407 336 0.8834
- 6.357 0.7403 336 0.8835
- 6.660 1.007 4"78 0.8488
- 6.674 1.008 479 0.8490

US - 5.249 * 1.445 UP KM/SEC SIGMA US - 1.0 PERCENT

COtMMNTS:

1) SOURCE: WALSH. J. M.. RICE. M1. H.. MCOUEEN, R. 0. AND YARGER, F. L.
PHYS. REV.. VOL. 108. P. 189 FF. (1957)
LOS ALAM1OS SCIENTIFIC LABORATORY. OMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMIENTAL TECHNIQUE 0

DATA REDUCTION TECHNI(UE 9
STANDARD MATERIAL 24ST ALUMINUM

3) IMPURITIES WERE IEASU.RED BY SPECTROCHEMICAL ANALYSIS
4) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHIOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

U06/14/• I
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5t---a

CHROMIUMI

CR

VO , 0.141 CC/0. CO - 5.15 KM/SEC.
VOI - 0,139 CC/O.

IN THE TABLE BELOW. VELOCITIES ARE OIVEN IN MM/MICROSEC.,
PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHO0 US UP P V/VO PRESSURE IN
BRASS STANDARD

7.10 7.63 1.71 924 0.777 914
- 7.59 1.71 922 0.775 914
- 9.44 2.25 13'i7 0.734 1363
- 8.57 2.27 1382 0.735 1369
- 8.63 2.25 1379 0.739 1358

US - 5.217 + 1.465 UP KM/SEC. SIGMA US - 0.63 PERCENT

COMIIENTS:

I) SOURCE: MCOUEEN. R.G. AND MARSH, S.P.
J. APPL. PHYS.. VOL. 31. P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE 8( DATA REDUCTION TECHNIQOUE 9
STANDARD MATERIAL IS BRASS

3) FOR TIE BRASS STANDARD DATA SEE MATERIAL 36-33
4) VO WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK (MCGRAW-

HILL BOOK CO. N.Y.. 1963) 22M EO.

UNC/

__ _ _ _ _ _ __-_ OG 47
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; •~!1--3

CHROMIUM

CR

VO - .i42 -0.1408 CC/O CL a 6.50 KM/SEC CO - 4.32 KM/SEC
VOI - 0.1389 CS - 4.32 - Ce - os 15 -

IN THE TABLE BELOt, VELOCITIES ARE GIVEN IN KMIiSEC. PRESSURE IN KILOBARS
AND DENSITY IN O/CC.

TABLE

--------------------------------- SAMPLE ------------------- STA D -

RHO0 US UP P ViVO MATERIAL US(ST)

7.100 5.15 0. 0. 1.0000 CO 0.
7.130 5.85 0.52 217. 0.9111 2024 At 6.43
7.130 15.97 0.52 221. 0.91-9 2024 AL 6.46(7.130 6.28 0.72 322. 0.8854 202-. AL 6.85
7.130 6.289 0.72 322. 0.8854 2084 AL 6.85
7.130 6.30 0.72 323. 0.8857 2024 AL 6.86
7.130 6.29 0.72 323. 0.8855 202.4 AL 6.86
7.130 6.58 0.98 460. 0.8511 2024 AL 7.36
7.130 6.59 0.98 460. 0.8513 20'- AL 7.36
7.123 7.20 1..44 739 0,8000 CU 6.04
7.100 7.54 1.65 883. 0.7812 BRASS 6.17
7.100 7.50 1.66 884. 0.7787 BRASS 6.18
7.100 8.34 2.19 1297. 0.7374 BRASS 6.93
7.100 8.53 2.19 1326. 0.7433 BRASS 6.96
7.111O 9.47 2.21 1329. 0.7391 BRASS 6.97

US - 5.173 + i.473"UP KM/SEC
SIGMA US a 0.074' KM/SEC

II

COMMENTS:

I) SOURCE: MCOUEEN. R.O.. MARSH. S.P.. TAYLOR, J,4.. FRITZ. i.m.,
AND CARTER. W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA, KINSLON (EO.i (ACADEMIC
PRESS. NEW YORK. 19701 CHAPTER Vll

2) EXPERIMENTAL TECHNIQUE: 8
DATA REDUCTION TECHNIQUE: 8

31 VOI FROM WYCKOFF CRYSTAL STRUCTURES (JOHN WILEY AND SONS.
N.Y.. 1963) VOL. I

4) V(DP/DE) o 1.19
5) HUGONIOT ELASTIC LIM IT 16. KBAR

U1.06' 14/77
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52---0
MOLYBDEUMI SUMMtARY

MH.
• ~V0 m 0.0g B0 - 0.0g8"C/ 10

VVO- 0.09785 CC/O CS. 5.19 KM/SEC I

THE TABLE LISTS THE HUGONIOT POINTS CALCULATED FROM THE FIT GIVEN BELOW.
UNITS ARE: G/CC. KM/SEC, KBAR AND KBARCC/O FOR TH• ENERGY DIFFERENCE.

TABLE

RHOO US UP P V/VO E-CO

10.e0 5.645 .4 230. 0,9291 0.8
6.021 .7 430 0.8937 2.45
6.398 1. 652 0.844 5.0
7.025 1.5 1075 0.786 11.25
7.653 2. 1561 0.739 20.0
8.908 3. 2726 0.663 45.0

10.163 4. 4146 0.606 80.0
10.790 4.5 4953 0.583 101.

US 5 5.143 * 1.255 UP. SIG.US - 0.06 KM/SEC
FOR UP BETWEEN .4 AND 4.3 KMSEC.

COMtENTS:

1) SOURCE: COMPILER
IA) DATA FROM 52--- I, AND 3 WERE USED TO MAKE THE FIT
2) V01 WAS OBTAINED FROM THE CUBIC LATTICE CONSTANT A - 3.1473 ANGSTROM

AT 25 DEG. C. LISTED BY: WYCKOFF. CRYSTAL STRUCTURES. VOL I.(INTER-
SCIENCE PUBL.. N. Y. 1963) 2ND. ED.

3) CS HAS TAKEN FROM 52---2.

U06/14/77

m •--
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MOL.YBDENUM

MO 99.9 PER CENT OR OREATER

(
"vo - 0.0990 CC/O.
vol 0.0900 CC/O.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MMI/ICROSEC.

PRESSURE IN KILO9ARS, AND DENSITY IN G/CC.

TABLE

RHO0 US UFS UIP P V/VO

10.20 5.699 0.874 0.437 254.0 0.9233
- 5.647 0.88S 0.444 255.2 0.9214
- 5.955 1.176 0.591 359.0 0.9008
- 5.861 1.200 0.606 362.3 0.8966
- 6.210 1.724 0.850 538.4 0.8631
- 6.12 1 .636 0.792 494.7 0.8707

( US a 5.120 i 1.285 UP KM/SEC SIGMA US - 0.08 PERCENT

COMIMENTS:

k) SOURCE: WALSH, J. H.. RICE. H. H.. MCOUEEN, R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 Fr. (1957)
LOS ALAMOS SCIENTIFIC LABORATORY, GMX-6. LOS ALAMOS, N. •EX.

2) EXPERIMENTAL TECHN IOUE 8
DATA REDUCTION 'TECHNII(UE 8
STANDARD HATER IAL 24ST ALULI NUM

31 THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A OIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COIPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.

C

m• U.06/141'/'
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PAGE 21

432- --

MO

vo , 0.09904 ¢C/0.
Vol0.0 0 ooe cc/G. CO - 5J.19 KM'/S£C.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN tt'1/MICROSEC.
PRESSURE IN KILOBARS AND DENSITY IN i/CC.

TABLE

RHOO US UP P V/VO PRESSURE IN
GRASS STANDARD

10.20 7.29 1.69 1256 0.769 1064
" 7.20 1.70 1245 0.764 1064
- 7.29 1.68 IM0 0.770 1058
- 7.65 2.06 1604 0.731 1380
- 7.71 2.06 1618 0.733 13B"7
- 7.75 2.0' 1633 0.733 1399

US - 5.157 + 1.238 UP KM/SEC. SIG'tA US - 0.41 PERCENT

I.

COMMENTS:

-*1) SOURCE: MCOUEEN. R.G. AND MARSH. S.P.
J. APPL. PHYS.. VOL. 31. P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS, N. HEX.

21 EXPERIMENTAL TECHNIQUE S
DATA REDUCTION TECHNIQUE r
STANDARO MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) Vol WAS TAKEN FROM TIE AMERICAN INSTITUTE OF PHYS. HANDBOOK (MCGRAM.-

HILL BOOK CO. N.Y., 19831 2ND ED.

t0
U,6,14/'rl
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52 --- 3
MOLYBDENUM

MO

S( VO 0 .OC980 CC/0

Vol 0.09804 CC/G.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC., PRESSURE IN

KILOBARS AND DiENSITY IN G/CC. ST DESIONATES THE STANDARD MATERIAL USED

AS STRIKER PLATE. U(ST) IS TiE VELOCITY BEFORE IIWACT.

TABLE

RHOO US UP P V/VO ST U(ST)

10.2 7.21 1.60 1176 0.7782 AL 5.6f0
- 8.39 2.52 2154 0.6998 FE 5.600
- 10.16 3.92 4060 0.5903 FE 8.640
- 10.35 4.24 4477 0.6143 FE 9.100

( US - 5.30 * 1.21 UP KM/SEC. FOR UP BETWEEN 1.60 TO 4.24 KM/SEC.
SIGMA US - 0.10 K4/SEC.

COMMENTS:

1) SOURCE: KRUPNIKOV. K. K.. BAKANOVA, A. A.. BRAZNIK. M. I. AND
TRUNIN. R. F.
SOVIET PHYS.-JETP. VOL. 8. P. 205 (1963)

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE B

3) THE SAMPLES WERE POSITIONED ON PLATES OF AL OR FE AS INDICATED IN
COLUlN 6 OF THE TABLE.

4) THE SPECIMENS WERE 3 TO 4 MM THICK AND 10 TO 15 MI IN DIAMETER.

5) THE PRESSURES WERE PRODUCED BY AN EXPLOSIVELY ACCELERATED ALLUIINUM
OR STEEL PLATE AS INDICATED IN COLUIMN 6.

6) Vol 1AS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HAN9OOKK
(MCGRAW4-HILL BOOK CO. N.Y.. 1963) 2ND ED.

7) ALSO LISTED ARE: RHO0 AT 0 0EG. K. - 10.24 G/CC
ELECVRONIC HEAT CAPACITY CCCFFICIEIWt

I ECR0/I OFq"/2

ZPRLRCISEN CONS5TAu'Iu 1.56

U06/ 14/77
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SI'MOLYBDENUMq

MO

VO a 0.0987 CC/0
Vol - 0.09752 CClO

IN TiHE TABLE BELOW, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC,
AND PRESSURE IN KILOBARS.

TAaL.E

- SAMPLE --------------- BASE PLATE

RHOO US UFS UP P V/VO PRESSURE

10.13 5.85 0.79 469 0.865 288
10.13 5.38 0.935 0.50 270 0.908 166

LIS

COMMENTS:

1) SOURCE: COMPILER

L.R.L. EQUATION OF STATE FILE
LAWR•ENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.

2) EXPERIMENTAL TECHNIOUE B. (ALUMIINUM STANDARO BASE PLATE)
DATA REDUCTION TECCHNIQUE B.

3) THE VALUE OF VOl WAS OBTAINED FROM A LATTICE CONSTANT OF 3.14737 A
A.C.A MONOGRAPH NO. 5. CRYSTAL DATA DETERMINATIVE TABLES

AMIIERICAN CRYSTALLOGRAPHIC ASSOCIATION. 1963) 2ND EDITION.

UOS5/14/77
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52-5s
LOLYBDEMU

Vo - 0.929 CC/0 CL a 6.45 IKI/SC CO a 5.04 KISEC

Vol - 0.9785 CC/O CS - 3.47 - CB a 5.19 -

IN THE TABLE BELOW, VELOCITIES ARE O1VEN IN KM/SEC, PRESSURE IN KILOBARS

AND DENSITY IN 0/CC.
Jl TABLE

---------------- SA•PLE ------------------------- STANDA-FO -----

RHOO US UP P V/VO MATERIAL US(ST)

10.200 5.19 0. 0. 1.0000 Ce 0.

10.200 5.04 0. 0. 1.0000 Co 0.

"10.200 5.63 0.42 241. 0.9254 202', AL 6.44

S10.200 5.58 0.43 245. 0.9229 2024 AL 6.45

0.220 5.66 0.45 €260. 0.9205 Cu 4.72

t0.210 5.67 0.45 266. 0.9189 CU 4.74

10.200 5.88 0.57 342. 0.9031 2024 AL 5.81

10.200 5.79 0.59 348. 0.8981 2024 AL 6.83

10.210 5.88 0.59 354. 0.8997 CU 4.96

10.200 6.05 0.77 475. 0.8727 202.4 AL 7.25

10.200 6.14 0.83 520. 0.8648 2024 AL 7.38

10.210 6.22 0.86 546. 0.8617 CU 5.394O.azO 6.23 0.87 554. 0.9504 CU 5.41

10.210 6.23 0.87 553. 0.8604 Cu 5.41

10.210 6.24 0.89 567. 0. 8574 Cu 5.44

10.210 6.70 1.26 862. 0.8119 Cu 6.04

10.210 6.90 1.49 1043. 0. 785 Cu 6.36

10.210 7.05 1.56 1123. 0.7"787 CU 6.49

10.200 7.20 1.63 1197. 0.7736 BRASS 6.%54

10.200 7.21 I.64 1206. 0.7725 BRASS 6.46

10.200 7.11 1.66 1197. 0.7679 BRASS 6.46

10.210 7.25 1.69 1251. 0.7669 CU 6.70
10.210 7.28 1.75 1301. 0. 7596 CU 6.'78

10.210 7.57/ 1 .99 133. 0.7371 CU 7.15

I 0. L=o0 7.56 2.0O0 194a. 0. 7354 BRASS 7.O00

10.200 7.62 2.00 155l . 0.7375 BRASS 7.01

tO.200 7.66 2.01 1570. 0.7376 BRASS 7.02

10.210 8.Oi 2.39 1955. 0.7015 Cu 7.75

10.210 8.05 2.44 2005. 0.6969 CU 7.W2

10.210 9.22 2.49 2090. 0.6971 CU 7.91

"4,1US a 5.124 .233"UP KM/SEC
SIChlA US a 0.047 KM/SEC

U0S 11"77
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1) SOURCE: MCOUEEN, R.G.. MARSH. S.P.. TAYLOR. J.W.. FRITZ, J.M.

AND CARTER. N.J.
HIGH VELOCITY IMPACT PHENOIMENA. ED. KINSLOd (ACADEMIC PRESS
NEW YORK. 1970) CHAPTER VII: EOS OF SOLIDS FROM V
SHOCK WAVE STUDIES i

e) EXPERIMENTAL TECHIQ'IUE: 8
DATA REDUCTION TECHNIJUE: 1

3) VOl FROM NYCKOFF CRYSTAL STRUCTLUES (JOHN WILEY AND SONS. N.Y.,
1963) VOL. 1.

'I) V(DP/DE) -1.5

i
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53---!

TUNGSTEN

N
(a

VO a 0.0521 CC/G. CO - ,.0%5 01/SEC.; Vol a 0.0519 CC/O.

IN TIE TABLE BELOW. VELOCITIES ARE GIVEN IN I9H/HICROSEC.
PRESSURES IN KILOSARS AND ENSITY IN GICC.

RIO0 US UP P V/VO PRESSURE IN
STANDARD

19.17 4.56 0.45 . 0.901 218
- 4.55 0.45 394 0.901 218
- 4.78 0.&# 597 0.886 320
- 4.82 0.64 590 0.868 320
- 5.47 1.17 12.35 0.;86 853
- 5.49 1.17 1227 0.7998 953
- 6.21 1.73 2061 0.721 1430
- 6.19 1.73 20 0.721 1427
- 6.24 1.73 2074 0.723 1426

US a 4.005 I.268,UP KM/SEC SIGMA US & 0.32 PERCENT
I,

COMMENTS:

I) SOURCE: MCOUEEN. R.G. AND MAR. S.P.
J. APPL. PHYS.. VOL. 31, P. 1253 (1950)
LOS ALAMOS SCIENTIFIC LABORATORY. OIIX-5. LOS ALAMIOS. N. MCX.

2) EXPERIMENTAL TECHNIIUE 8
DATA REDUCTION TECHNIOUX B

* I STANDARD .IATERIAL IS BRASS
3) FOR THE BRASS STANDARD DATA SEE SECTION 36-33---Z.
4) FOR P(STANOARO)-320 AND 219 THE STANDARD HAS AL. ABOVE THAT BRASS

I %1

IJ'147
i ~ 1 ''
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TUNOSTEN POROUS

H 99.89 PERCENT BY WIGIHT
MO TRACEFE

( ~P-
CU -P -

VO • 0.0532 - 0.222 CC/G
VOl 0 05192 CC/o

IN THE TABLES BELOW, VELOCITIES ARE GIVEN IN KM/SEC., PRESSURES IN
KILOBARS AND DENSITY IN 0/CC. ST DESIGNATES THE STANDARD MATERIAL.
P(ST) 15 THE PRESSURE IN TIE STANDARD PLATE.

TABLE

R.OO US UP P v/vo ST P(ST)

1 8.79 8.11 3.26 5010 0.5977 FE 3585
11.38 8.02 4.12 3760 0.4859 FE 3585
9.17 7.80 4.53 3240 0.4193 FE 358M
6.47 7.95 5.09 2620 0.3604 FE 3585
4.50 8.11 3.03 2030 0.3064 FE 3585

18.79 6.01 1.74 1980 0.7112 FE 1390
10.99 5.01 2.39 1320 0.5230 FE 1390
9.00 4.96 2.60 1180 0.4757 FE 1390
6.54 4.78 2.93 910 0.3880 FE 1390

10.99 2.56 1.12 315 0.5624 AL 258
6.32 2.29 1.51 219 0.3406 AL 258
4.05 2.28 1.87 105 0.2:684 AL 258

US

COMIMNTS:

I) SOURCE: KRUPNIKOV, K. K.. BRAZHNIK. ". 1. AND KRIPNIKOVA V. P.
SOVIET PHYS.-,ETP. VOL. i1. P. 470 (196W)

J. EXPTL. IHEORET. PHYS. *U.S.S.R.) VOL. 47. P. 1220 (I94J
8) EXPERIMENTAL TECHNIdME A

DATA RCOUCTIGN TECHNIQU! 8
3) CO. THE VELOCITY OF THE RAREFACTION WAVE MOVINO PARALLEL TO TIE SHOCK

FRONT. WAS IEASURED ALSO. THESE RESULTS ARE GIVEN BELOW WITNH THE
lEASAFUdJO SHOCK VELOCITY AND PCSSURE.

TABLE

498 US P CO ST PISTJ

10.75 7.4 3110 7.19 rE I W

S r.04 Isl0 5.61 . t bl ..

UMS 14 177
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S 2.52 310 6.1 AL 258

4) THE MEASURED VALUE FOR CO AT THE LOIWEST PRESSURE IS 6.1I KMiSEC. THIS
IS REPRESENTIVE OF THE VELOCITY OF TIE ELASTIC WAVE. TIE CALCULATED
PLASTIC WAVE VELOCITY CO a 4.79 KM/SEC. l

51 THE EXPERIMENTAL TECHNIQUE USED IN TIE DETERIIINATION OF CO WAS DES-
CRI9EO BY AL'TSHULER. KOR1MR. BRAZHNIK. VLAOIMIROV. SPERANSKAYA, AND
FUNT|KOV. SOVIET PHYS.-..ETPo VOL. 38. P. 1061 11960)

61 Vol WAS OBTAINED FROM TIE CRYSTAL DATA DETERMINATIVE TABLES, AMERICAN
CRYSTALLOGIRAPHIC ASSOCIATION, 2ND. ED. (1963)

* I 0$ jtlt
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53 --- 3
TUNGSTEN

"W 99.95 PERCENT
FE 0.005 -
C 0.005 -

( 08 0.005 -

"H2 0.001 -
N2 0.O005 -

VO - 0.05•16 CC/G
Vol 0.05192 CC/0

IN THE TABLE BELOW. DENSITY IS GIVEN O/CC. VELOCITIES IN KM/SE-C. AND
II PRESSURE IN KILOUBAS.

TABLE

RHOO US UP P V/VO

19.17 7.44 2.71 3860 0.6358•

COIMENTS:

1) SOURCE: JONES. A. H.. ISBELL. W. H. AND MAIDEN C. J.
JOURNAL OF APPLIED PHYSICS. VOL. 37, P. 3493 (1966).

2) EXPERIMENTAL TECHNIOUE A
DATA REDUCTION TECHNIOUE A
STANDARD MATERIAL FANSTEEL 77. SEE MATERIAL 53--39--36---I.

3) TIH DRIVER PLATE WAS ACCELERATED BY MEANS OF A LIGHT GAS OUN.
4) TIE DRIVER PLATE VELOCITY AND SPATIAL ORIENTATION WERE MEASURED WITH

'f0 PULSED X-RAY STATIONS JUST BEFORE IMPACT.
53) FOR BOTH THE DRIVER PLATE IMPACT VELOCITY AND THE SAMIPLE SHOCK

VELOCITY THE MEASURED EXPERIMENTAL ERROR IS WITHIN I PERCENT.
6) VOl WAS TAKEN FROM THE. CRYSTAL DATA DETERMINATIVE TABLES. AMERICAN

CRYSTALLOGRAPHIC ASSOCIATION. 2NO. EO. (1963).

C
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. - , ..:-~ .



TABLE I
TUNGSTEN I
53--3

S8

X

7

6

C 44

W1 .

3

2 I

00

-- I I _. Ia I. (U, • I l DP

Ju



PAGE 228
53---4
TUNGSTEN

FOAM C01, ACTED
NI FE MO 0.09 0.01 MOLE PERCENT
C 0.01- -4

0 0.37 0004 - -
Wl REST REST

PARTICLE SIZE 5. TO 20. MICRONS

VO a 0.05908 - 0.0709 CC/O
VOl- 0.05192 CCIO

THE TABLE LISTS DENSITY IN 0/CC. VELOCITIES IN KMISEC AND PRES•UES IN
KIBAR. SEE COMMENT 6

TABLE

RHOD USI UPI P1 VI/VO USa UP2 P2 V2/VO A

19.2 4.84 0.039 36.0 0.992 4.41 0.338 289.5 0.923
- 4.77 0.039 36.1 0.992 4.15 0.121 101.0 0.971
- 4.87 0.039 36.3 0.992 4.24 0.129 109.8 0.971
- 4.91 0.037 35.2 0.995 4.25 0.213 178.9 0.950
- 4.83 0.038 35.5 0.992 4.2"7 0.0'77 6"7.4 0.982

14.3 4.10 0.019 11.2 0.995 1.68 0.421 107.2 0.75•3

14.2 3.74 0,018 9.8 0.995 1.88 0.506 139.3 0.734
14.2 3.51 0,020 9.8 0.99% 1.63 0.419 101.9 0.746
14.4 3.71 0.019 10.0 0.995 1.15 0.153 31.9 0.877/
14.1 3.73 0.018 9.6 0.995 1.33 0.323 66.0 0.765

14.5 3.61 0.017 8.8 0.995 1.51 0.354 82.2 0.770
14.2 3.74 0.016 8.3 0.996 1.93 0.505 141.9 0.740

US , 0.732 + 2.23"UP KM/SEC.
SIG US - 0.07 KM/SEC.

COIMENTS:

I) SOURCE: SCHMIDT. D.N. AND LINDE. R.K.
AIR FORCE WEAPONS LAS. REP. AFWL-TR-68-33 (1968)
CONTRACT NO. AF 29(601)-7235
SRI ?ROJECT: POU-612•
STANFORD RES. INST., PMENO PARK. CALIFORNIA. U. S. A.
SEE ALSO J APPL. PHYS. 43 3367 U1,972) FOR A DISCUSSSION ON
TUNGSTEN, COPPER AND POLYUIETHANE.

2) EXPERIMENTAL TECHNIOUE: 11
DATA REDUCTION TECHNIQUE: C. WAVE PROFILES WERE BROAD BUT WERE

APPROXIMATED BY A STEP FUNCTION MOVING AT
TIE AVERAGE WAVE VELOCITY LISTED

3) THE FOOT OF THE ELASTIC WAVE IS BETWEEN I AND 10 PERCENT FASTER THAN
THE AVERAGE VELOCITY LISTED. THE PROFILE AND AVERAGE VELOCITY OF THE
PLASTIC (CRUSHING) WAVE WAS INIERRED FROM THE STRESS-TIME PROFILE AT
THE 0UAOE-SAPILE INTERFACL AND THE REVERBERATION TIME OF AN ELASTIC
RELEASE WAVE REFLECTINO OF TIE CRUNIINO WAVE.

L~~~~UB I3l477bomomo
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'4) ALL SAMPLES WERE COMPACTED ANM SINTERED AT 2000 DEO. F.
THE HIGH DENSITY SAMPLES WERE HOT ROLLED IN ADDITION.

5) VO1 WAS TAKEN FROM CRYSTAL.. DATA DETERMINATIVE TABLES. AMERICAN CRYS-
TALLOORAPHIC ASSOCIATION, 2ND. ED. (19631

S6) NOTE THAT THE SECOND NAVE PARAMETERS IN THE TABLE REPRESE[NT A CRUS-

i- HINO CURVE. P IS AN EFFECTIVE LONGITUDINAL STRESS OBTAINED BY CON-
SIOERING THE SAMPLE AS A HOMOGENEOUS ISOTROPIC MEOIDII.

7) THE ELASTIC WAVE PARAMETERS OF TIE FIRST TABLE ENTRY WERE ASSUMED.

I6

( .

ii
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53 --- 5

TUNGSTEN

w Nf

VO 0.0521 CC/o CL a 5.22 KM/SEC CO a 4.02 KMiSEC
VOI - 0.05192 CC/G CS a 2.89 KM/SEC CB a 4.05 KM/SEC

IN THE TABLE 9ELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TA1LE

---------..-- -SAMPLE ---------------------------- STANDARD -----

RHO0 US UP P V'VO MATERIAL US(ST)

19.250 4.43 0.32 273. 0.9278 CU 4.64
IS.250 4.45 0.36 308. 0.9191 CU 4.72
19.250 4.52 0.36 313. 0.9204 Cu 4.74'
19'.270 4.52 0.37 322. 0.9181 CU 4.75(19. 170 4.51 0.44 380. 0.902 2024 AL 6.80
19.170 4.50 0.44 380. 0.9022 2024 AL 6.80
19.250 4.65 0.47 421. 0.8999 CU 4.96
19.170 4.77 0.62 567. 0.8700 2024 AL 7.34
19.170 4.73 0.62 562. 0.8689 202. AL 7.34
19.256 4.92 0.69 654. 0.8598 CU 5.39
19.250 4.92 0.70 663. 0.8577 CU 5.41
19.250 4.92 0.70 663. 0.8577 Cu 5.41
19.250 4.95 0.72 686. 0.9545 CU 5.44
19.170 5.42 1.13 1174. 0.7915 BRASS 6.07

( 19.170 5.40 1.13 1170. 0.7907 BRASS 6.07
19.250 5.80 1.38 3541. 0.7621 CU 6.70
19.250 5.84 1.43 1608. 0.7551 CU 6.78
19.250 6.05 1.64 1910. . 7289 CU 7.15
19.250 6.05 1.64 1910. 0.7299 CU 7.15
19.170 6.12 1.69 1971. 0.7255 BRASS 7.08
19.170 5.14 1.69 1999. 0.7248 BRASS 7.09
19.170 6.17 1.69 1999. 0.7261 BRASS 7.10
19.250 6.42 1,09B 2447. 0.6916 CU 7.75
19.250 6.45 4'02" 2508. 0.68698 CU 7.82
19.250 6.56 2.06 2601. 0.6960 CU 7.91
19.250 6.65 2.07 2650. 0,6817 CU 7.94

US a 4.029 + 1.237*3.P KM/SEC *SIGMA US u 0.044 KM/SEC

Ci
• ' COM"ENT S

I) SOURCE: MCOUEEN. R.G.. MARSH. S.P.. TAYLOR. J.M.. FRITZ. J.H..
AND CARTER. W.J.
THE £OUAT10N OF STATE OF SOLIDS FI SHOCK WAVE STIDIES.
HIO VELOCITY IMPACT PCHWEW. KINSLOU 1ED.) ACAOEMIC

4U-V 10s1-



PRESS. NEW YORK. 19701 CHAPTER Vii AE :
2) EXPERIMENTAL TECIHNIQUE: B

DATA REDUCTION TECHNIOUE: B ISTANDARO BASEPLATE AS SHOWN)
31 THE H.E.L. v f:-32 KBAR FOR A 5 MM THICK SAMPLE.
4,1 SAMPLES WERE ARC MELTEO.

15) VOl FROM WYCKOFF. CRYSTAL STRUCTURES (JOHN WILEY AND SONS. N.Y.
1963) VOL. I

UOS/ J1%/77
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514 - 3
VANAD I LI

V (

( VO O.164 CC/O CO , 5.18 KM/SEC: VoIl , 0.1660 CC/O

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN VIVMICROSEC.
PRESSURES IN KILOBARS AND DENSITY IN G/CC

I
TABLE

SAMPLE - STANDARD

RHOO US UP P VfYO P MTRL.

6.10 5.78 0.58 204 0.900 149 AL
- 5.73 0.58 203 0.898 149 -
- 6.16 0.80 301 0.870 218 -
- 6.07 0.81 301 0.866 2a0 -
- 6.08 0.81 302 0.866 218 -- 6.05 0. 82 301 0 .865 220 - .
- 6.08 0.81 301 086 2 -
- 6.49 1.12 441 0.828 320 -
- 6.50 1.11 441 0. 8•09 .320 -
- 6.46 1.12 441 0.827 320 -
- 7.29 1.86 825 0.746 914 BRASS
- 7.28 3.86 825 0.745 914 -
- 7.32 1.85 828 0.747 914 -
- 7.34 1.85 829 0.748 914 -
- 8.20 2.59 12'.4 0.697 3378 -
- 8.17 2.49 1241 0.695 1378 -

* 5.108 1 1.210 UP KM/SEC. SIGMA US * 0.49 PER CENT

COMMENTS:

3) SOURCE: MC0UEEN. R.O. AND MARSH. S.P.
J. APPL. PHYS., VOL. 31; P. 1253 13960)
LOS ALAMOS SC!ENTIFIC LABORATORY. OMX-6. LOS ALAMOS, N. MEX.

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33
4) VOl WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)

2ND ED.

UI06/14/77
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: 54 --- 2

VANAD I UM

V

VO - 0.154 CC/O CO - 5.14 KM/SEC
VOI = 0.16346 CCIO

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOSARS
', ~AND DNIk'lTY IN G/Ct. i

TI

-- -- - -- -SA P E ----- -----.....-- STANDARD ........-.

RHOO US UP P V/Vo MATERIAL RHOO(ST) UStST)

6.08 11.33 4.92 3389. 0.566 IRON 7.85 11.21 j
- 8.94 3.37 1832. 0.623 IRON 7.8e5 8.83
- 7.53 2.12 970. 0.718 ALUMINUM 2.71 9.17 j
- 6.42 1.08 422. 0.832 ALUMINUM 2.71 7.3'. '
- 5.86 0.46 164. 0.922 ALUMINUM 2.71 6.21

US - 5.34 + 1.031*UP FOR UP BELOH 3.14 KM/SEC

US - 3.7'4 * 1.54I*UP FOR UP BETWEEN 3.14 AND 4.92 KM/SEC

COMIMENTS:

1) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A.. OUDOLADOV. 1. P.
ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 (19671.C 2) EXPERIMENTAL TECHNIQUE A.

DATA REDUCTION TECHNIQUE B.
31 ONLY SHOCK VELOCITIES WdERE MEASURED TO DETERMINE. THE STRESS STATES.

THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

41 HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM 'US - 5.25 + l.39#UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US - 3.85 * 1.615"UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC BOOY-CENTERED STRUCTURE.
A a 3.0240 ANGSTROMS (25 0(O. C)
WYCKOFF, R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK, LONDON. SIDNEY. 19631 2ND EDITION. VOL. 1, P. 16.

62 THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS (FIZMATOIZ. USSR. 1963).

71 THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 3.14 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANOE.

U06/14/77
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5%4---3
VANADIUM

V

VO - 0.1639 CC/3

VO - 0.1635 CC/G C8 5.18 K1/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KV/SEC. PIRCSSURE IN KILOBARS

AND DENSITY IN 0/CC.

TABLE

-- - -- - -- - -SAIPLE ------------------- - STANIARD-----

RHOO US UP P V/VO MATERIAL USIST)

6.100 5.71 0.56 195. 0.9019 2024 AL 6.39

6.100 5.66 0.56 193. 0.9011 2024 AL 6.39

6.100 6.08 0.78 289. 0.8717 2024 AL 6.81

S6.100 6.00 0.79 289. 0.8683 2024 AL 6.81

6.100 6.00 0.79 289. 0.8683 202- AL 6.81

6.100 6.00 0.79 289. 0.8683 2024 AL 6.81

6.100 5.98 0.79 288. 0.8679 2024 AL 6.81

6.100 6.42 1.09 427. 0.8302 2024 AL 7.35

6.100 6.41 1.09 426. 0.8300 2024 AL 7.35

6.100 6.38 1.09 424. 0.8292 2024 AL 7.35

6.100 7.25 1.80 796. 0.7517 BRASS 6.18

6.100 7.23 1.80 794. 0.7510 BRASS 6.18

6.100 7.20 1.80 791. 0.7500 BRASS 6.18

6.100 7.19 1.80 789. 0.7497 BRASS 6.18

6.100 8.07 2.43 1196. 0.6989 BRASS 7.01

6.100 8.10 2.52 1245. 0.6889 BRASS 7.12

US - 5.077 + i.201&UP KM/SEC
SIGMA US w 0.042 KMISEC

COIMMENTS:

I) SOURCE: MCQUEEN. R.0.. MARSH. S.P., TAYLOR.'J.W.. FRITZ. J.M..

AND CARTER. W.,J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (ED.) (ACADEMIC

PRESS. NEW YORK. 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIOUIE: S
DATA REDUCTION TECI4NIOIUE B

31 VOl FROM WYCKOFF, CRYSTAL STRUCTURES (JOHN WILEY AND SONS. N.Y..

* 1963) VOL. I
4) VIOP/DE) 1 3.29

U06 14/77
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NIOBIUM

N1---99.8 PER CENT OR GREATER

v0 - 0.11!a CC1G,VOl - 0.1167 CC/a.

IN THE TABLE BELOW. VELrICITIES ARE GIVEN IN ?1/II1CROSEC.,
PRESSURE IN KILOBARS. ANO DENSITY IN O/CC.

TABILE

R400 US UP P WVo

8.60' 5.177 0.5499 244.5 0.8990
- 5.311 0.7434 341 0.8606
- 5.642 0.9929 482 O.820 d0

US % 4.569 ' 1.060 UP KM/SEC SIGMA US - 1.1 PERCENT

I

COMMENTS:

1) SOURCE: WALSH. ,J. M., RICE. M. H.. MCOUEEN, R. G. AND YARGER. F. L.
PHYS, REV., VOL. 10a. P. 169 FF. (19657

LOS ALAMOS SCIENTIFIC LABORATORY. GIX-6, LOS ALAMOS. N. HEX.

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIOUE B

fr STANDARD MATERIAL 24ST ALUM INUM
, 31 THE PROABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
-, FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PERCENT IN"(. COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.

It

i UO~s 11.1T7
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55 ---'a
"NIOBIUM

No 99.5 PERCENT OR GREATER

VO - O,1165 CC/G. CL 5 5.02 K1/SEC. CO a 4.39 KM/SEC.
VOl a 0.1162. CC/G. CS a 2.11 KI'I/SEC- CB a 4,43 KM/lSEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC.,
PRESSURE IN KILOBARS AND DENSITIES IN G/CC.

SAMPLE STANDARD

RHO0 US UP P V/VO RHOO US

8.503 5.195 0.527 235.0 0.8986 8.932 4.764
- 5,335 0.706 323.4 0.8677 8.934 5.024
- 5.687 0.978 477.4 0.8280 - 5.426
- 5.793 1.061 527.5 0.8168 - 5.548
- 6.449 1.643 909.5 0. 7452 - 6.387( - 6.432 1.650 910.6 0.7435 6.393
- 6.471 1.651 916.4 0.7449 - 6.400
- 7.114 2.158 1317.8 0.6966 "7.133
- 7.417 2.450 1557.5 0.6697 - 7.494
- 7.518 2.508 1618.7 0.6664 - 7.632

7.734 2.705 1795.8 0.5503 7.910

US * 4.464 ÷ 1.216 UP KM/SEC.

, (S REPORT NO. GMX-6-566. PP. 51-6a (1964)

* LOS ALAMOS SCIENTIFIC LABORATORY. GMX-5. LOS ALAMOS. N. MEX.
2) EXPERIMENTAL TECHNIQUE 8

DATA REDUCT ION TECHNIQUE 0
STANDARD MATERIAL IS 2024 ALUMIINUM

3) THE ALUMINUM -,JGONIOT IS REPRESENTED BY
US - 5.355 * 1.345 UP KM/SEC
THE PARTIAL (DE/OP)V a 0.162 CUBIC CM:

4) VOl WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYS. HANDBOOK IMCGRA)-
HILL BOOK CO. N.Y.. 19632 2ND ED.

U06/14/77
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55 --- 3

NIOIUM

VO a 0.11/ CC/G CO 4 .48 KM/SEC
Vol a 0.11652 CC/O

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
"AND DENSITY IN G/CC.

TABLE

------ ------ SAMPLE ------------ STANDARD --------

RHOO US UP P V/VO MATERIAL RHOO(ST) USIST)

8.58 10.28 4.50 3970. 0.562 IRON 7.85 1121
- 8.26 3.06 2169. 0.630 IRON 7.85 8.83
- 6.64 1.-8 1065. 0.718 ALUMINUM 2.71 9.17
- 6.31 1.73 937. 0.7•6 COPPER 8.93 6.45
- 5.53 0.95 450. 0.829 ALUMINUM 2.71 7.34
- 5.17 0.40 177. 0.923 ALUM INUM 2.71 6.21

US - 4.70 + 0.920"UP KM/SEC FOR UP BELOW 1.62 KM/SEC
US a 3.91 + 1.4091UP KM/SEC FOR UP BETWEEN 1.62 AND 4.50 KM/SEC

COMMENTS:

I) SOURCE: ALTSHULER. L. V.. BAKANOVA, A. A.. OUOOLAOOV. I. P.
t • Z1RNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 11967).

a) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE S.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BEI1.0 PERCENT.

4) HUGONIOTS OF STANOARD MATERIALS USED WERE AS FOLLOWS
ALUMII•I US o 5.25 ÷ 1.394UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
COPPER US - 3.95 1.50*UP FOR UP BETWEEN 0.0 AND 4.0 KM/SEC
IR". US a 3.85 I.615UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOl WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC BOOY-CENTERED STRUCTURE,
A a 3.3004 ANGSTROIIS 18 EO.G C)
NEW YORK, LONDON. SIDNEY. 1963) 2ND EDITION. VOL. 1. P. 16.

61 THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS. USSR, 1963) OR FROM C. KITTEL,.- INTROOUCTION TO

-1 SOLID STATE PHYSICS (FIZMATGIZ. USSR. 1963).
7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP *41.62 KMI/SEC IS

"ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/14/77
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55-4

NIOBIUM

NO

(VO O.1185 CC/0 CL - 5.03 KI/SEC CO a 4.39 KMISEC

Vol . 0.1165 CC/0 CS a 2.13 KM/SEC CB - 4.43 KM/SEC

IN THE TABLE BELOW. VELOCITIES ARE 01VEN IN KIl/SEC. PRESSURE IN KILOBARS

AND DECNSITY IN 0/CC.

TABLE

---------------eSAMPLE ...................- -... STANDAR0 .----

m00 US UP P V/VO MATERIAL UStST)

8.583 5.12 0.50 220. 0.9023 Cu 4.70

8.604 5.11 0.53 233. 0.3 20.24 AL 6.49

8.586 5.26 0.67 303. 0.0726 CU 4.95

8.604 5.25 0.72 325. O.8629 ?024 AL 6.86

6.584 5.60 0.94 452. 0.9321 Cu 5.35

8.604 5.57 0.97 465. 0.9259 2024 AL 7.36

8.583 5.71 1.02 500. 0.8214 CU 5.47

8.584 6.365 1.60 874. 0.7484 CU 8.29

8.580 6.34. 1.61 875. 0.7461 CU 6.30

8.578 6.38 1.61 981. 0.7476 CU 6.31

6 8.584 7.01 2.11 1270. 0.6990 CU 7.03

8.571 7.31 2.36 1479. 0.6'772 CU 7.39

8.58S 7.41 2.46 1565. 0.6680 CU '7.52

8.584 7.62 2.66 1733. 0.6522 CU 7.80

US . 4.438 + 1,207UP KM/SEC

SIGMA US a 0.037 K1-/SEC

COMMENTS:

11 SOURCE: MCQUEEN. R.O.. MARSH. S.P.. TAYLOR. J.W.. FRITZ. J.M..

AND CARTER. W.J.

THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

HIGH VELOCITY IMPFACT PHENOMENA. KINSLOW (ED.) (ACADEMIC

PRESS. NIE YORK. 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUE: i

DATA MIEQCTION TECHNIQUE: S

3) VOl IS FROM WYCKOFF CRYSTALL STRUCTURES (JOHN WILEY AND SONS. N.Y..

-9633 V. I

43 VEOP/DE) a 1.47C 5) 14HUGONIOT ELASTIC LIMIT 20.1 WRAd

UOS/14177
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TANTALUMI

TA 99.8 PER CENT OR GREATER

VO a 0.06075 CC/G. CL - 3.35 KM/SEC.
VO0 - 0.05848 CC/O.

IN TI'S TABLE BELOW,. VELOCITIES ARE GIVEN IN MMVMICROSEC..i PRESSURE IN KILOBARS, AND DENSITY IN G/CC.

TABLE

RHO0 US UP P V/VO

16.46 3.,11 o04327 271.5 0-9965
.-.010 0.5800 383 0.4

-4.323 0.7685 547 0.822a

US " 3.139 + 1.531 UP SIGMA - 0.5 PERCENT I

COMMENTS:

I) SOURCE: WALSH. J. M.. RICE, M. H.. MCQUEEN. R. 0. AND YARGER. F. L.
PHYS. REV.. VOL. 108, P. 169 FF. (1957) !,
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. HEX.

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL 2'4ST ALUMIMJU

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS
5) CL OBTAINED FROM L. BERGMAN. DER ULTRASCHALL.

(S. HIRZEL VERLAO. STUTTGART. GERMANY. 1954) 6TH ED.. P. 6•0

(0
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TANTALUMI

TA 99.5 PERCENT OR GORATER

vo 0.0600 O/CC. CL a 4.15 KMI/SEC. CO a 3.39 Ku/SEC.
VOl - 0.0585 0/CC. CS - 2.07 KM/SEC. C8 a 3.41 KM/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN MIV/ICROSEC..
PRESSURE IN KILO0ARS AND DENSITY IN O/CC.

SAMPLE STANDARD

RHOO US UP P V/VO RHO0 us

16.66 3.9a1 0.429 284 .5 0.8922 8.•93 4'.7/64

- 4.134 0.576 396.2 0.8607 8.934 5.024
- 4.395 0.804 588.3 0.8171 - 5.426
- 4.495 0.872 653.0 0.8060 - 5.548
- 5.092 1.358 1152.0 0.7333 - 6.393
- 5.061 1.359 1145.2 0.7315 - 6.3867

5.621 1.790. 1676.3 0.6816 - 7.133
5.889 2.003 1962.8 0.6599 - 7.494
5.967 2.007 2074.7 0,6502 - 7.632
6.103 2.262 2298.5 0.6294 - 7.910

US - 3.453 ÷ 1.197 UP. SIO.US - 0.029 KM'SEC

COIMENTS:

1) SOURCE: uCOUEEN. R.G. AND MARSH. S.P.

REPORT NO. GMX-6-566. PP. 51-62 (1964)
LOS ALAMIOS SCIENTIFIC LABORATORY. GIMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIQUE 0

DATA REDUCTION TECHNI]UEB8
STANDARD MAT'rRIAL IS COPPER

3) COPPER HIJG(A4IOT IS REPRESENTED BY:
US - 3.950 * 1.497 UP KM/SEC.
THE PARTIAL (Et/OP)V a 0.05W6 CUBIC CM.

4) VO! WAS TAKEN FROM THE AMERICAN iNSTITUTE OF PHYS. HANDBOOK IMCORAW-
HILL 90OK CO. N.Y., 1963, 2ND ED.

5) A HUONIOT ELASTIC LIMIT OF 17 KBAF. HAS BEEN MEASURED BY
R. WASLEY AND K.O. HOGE, CHEM. TECH. NOTE 29M . LAWRENCE LIVERMORE LAB
L I VERMORE CAL.C0

UOi/I4/'T
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56 --- 3
TANTALUM

TA HII I I

I!

VO * 0.05994 G/CC.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN K(1/SEC.. PRESSURE IN
ji KILOBARS AND DENSITY IN 0/CC. ST DESIGNATES THE STANDARD MATERIAL USED

SI ~AS STRIKER PLATE. U(ST) IS THE VELOCITY BEFORE IMPACT.

TABLE

RHO0 US UP P V/Vo ST U(ST)

16.6 5.24 1.45 1245 0.7231 AL 5.60
- 6.45 2.28 2409 0.6464 FE 5.60
- 8.36 3.74 5121 0.5525 FE 9.10

US - 3.31 * 1.36 UP KM/5EC. FOR UP BETWEEN 1.45 TO 3.7% KM/SEC.
SSIGMA US a 0.06 KM/SEC.

T

COMMENTS:

1) SOURCE: KRUPNIKOV. K. K.. BAKANOVA, A. A.. BRAZI-IK, H. I. AND
TRUNIN. R. F.
SOVIET PHYS.-DOKLADY. VOL. 8. P. 205 (19631

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE 8

3) THE SAMPLES WERE POSITIONED ON PLATES OF AL OR FE AS INDiCATED IN
COLUMN S.

4) THE SPECIMENS WERE 3 TO 4 MM THICK AND 10 TO 15 HM IN DIAMETER.
5) THE PRESSURES WERE PROOUCED BY AN EXPLOSIVELY ACCELERATED ALUMINUM

OR STEEL PLATE AS INDICATED IN COLUMN 6.
6) VOI WAS OBTAINED FROM A CUBIC LATTICE CONSTANT OF 3.3026 ANGSTROM

AMERICAN INSTITUTE OF PHYSICS HANDBOOK (rCGRAW-HILL BOOK CO.. N.Y.,
1963) 2ND ED.

7) ALSO LISTED ARE:: RHOO AT 0 DEG. K. 16.16 G/CC
ELECTRONIC HEAT CAPACITY COEFFICIENT

325 EROS/O DEOO2
ORIUNJEISEN CONSTANT * 1.66

U05/ 14/77
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56---4
TANTALUM

TA

VO a 0.06006 0/CC CL = 4.15 KM/SEC CO * 3.39 KM/CC

Vol a 0.06012 - CS - 2.07 - CS a 3.41 -

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOBARS

AND DENSITY IN 0/CC.

TABLE

------ SAI--E--------....-------------------.----- STANDARD-

RHOO US UP P V/VO MATERIAL US(ST)

16.660 3.92 0.40 261. 0.8980 CU 4.70
16.640 4.07 0.55 372. 0.8649 CU 4.95

16.650 4.33 0.77 555. 0.8222 CU 5.35

16.660 4.43 0.84 620. 0.8104 CU 5.47

16.650 4.99 1.32 1097. 0.7355 CU 6.29

16.660 5.02 1.32 1104. 0.7371 CU 6.30

16.660 5.54 1.75 1615. 0.6841 CU 7.03

16.640 5.80 1.96 1892. 0.6621 CU 7.39

16.660 5.88 2.04 1998. 0.6531 CU 7.52

16.650 6.01 2.22 2221. 0.6306 CU 7.80

US a 3.414 1 1.2001UP KM/SEC
SIGMA US - 0.06 KM/SEC

COMMENTS:

1) SOURCE: MCOUEEN. R.G.. MARSH. S.P., TAYLOR. J.W., FRITZ, J.M..
AND CARTER. W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

HIGH VELOCITY IMPACT PHENOMENA. KINSLOW (ED.) (ACADEMIC

PRESS, NEN YORK. 19701 CHAPTER VII
2) EXPERIMENTAL TECHNIQUE: 8

DATA REDUCTION METHOD : B
3) HUOONIOT ELASTIC LIMIT * 8 KBAR
4) Vol FROM WYCKOFF CRYSiAL STRUCTURES (JOHN WILEY AND SONS. N.Y. 19631

VOL. I.
5) HUGONIOT ELASTIC LIMIT 18.7 KBAR

C

U06/1 14/77
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57---0
TITANIUM SUMMARY

TI

VO = 0.2217 - 0.2222 CC/G
VOI= 0.2183 CC/G CB = 4.84 KM/SEC

THE TABLE LISTS HUGONIOT POINTS CALCULATED FROM THE FIT GIVEN BELOW.
UNITS ARE: G/CC. KM/SEC. KEAR AND KBAR.CC/G FOR THE ENERGY DIFFERENCE.

TABLE

RHOO US UP P V/VO E-EO

4.51 5.382 0.6 146. 0.8885 I.R
- 5.841 1.0 263. 0.8288 5.0
- 6.897 2.0 630. 0.714 20.0
- 8.133 3.0 1100. 0.631 45,0
- 9.279 4.0 1674. 0,569 80.0
- 10.425 5.0 2351. 0.520 125.
- 11.571 6.0 3131. 0.481 380.

US = 4.695 + 1.146 UP, SIG.US = 0.10 KM/SEC
FOR UP BETWEEN .68 AND 5.6 KM/fLC.

COMMENTS:

1) SOURCE: COMPILER
IA) DATA FROM 57---1,2 AND 3 WERE USED FOR THIS FIT.
2) VO AND CB WERE TAKEN FROM 57---2.

1

110e3/ 14'77
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57 --- I

T I TANIULD

T |1 9.75 PER CENT

AL 0.05 PER CENT
SI O.05 PER CENT

SCR 0:05 PER CENT
\ - MN 0.05 PER CENT .

SN 0.05 PER CENT

4, VO - 0.2217 CCIo. *

VO: , 0.2183 CC/i.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN I1VMICRCSC..
PRESSURE IN KILOBARS. AND EINSITY IN O/CC."

TABLE

RH0 "us UFS UP P V/Vo

4.51 6.329 2.723 1.370 390.8 0.7835
£ - 5.790 l.g6 0.960 255.7 0.8307

- 5.501 1.437 0.1"3 179.3 0.8686
- 5.469 1.364 0.604 168.3 0.8749

US - 4.590 + I.•59 UP IKiSEC SIGMA US - 0.5 PERCENT

:i

COK4ENTS: H
1) SOURCE: WALSH, J.M., RICE. M.H.. MCOUEE7N. R.G. AND YARGER. F.L.

PHYS. REV., V .. 108. P. 169 FF. t19571
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE :
DATA REDUCTION TECHNIO(J 0
STANDARD MATERIAL 24ST ALUMINUM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN

COMPRESSION AT A GIVEN PRESSURE.
4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS

C
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; ~57---2
TITANIUM

T!

VO -0.2217 CC/O. CO - 4.84 KM/SEC.
Vol - 0.2193 CO/O,

IN THE TAB3LE BELOW. VELOCITIES ARE GIVEN IN WI/MICROSEC..

PRESSURES IN KILOUARS AND •ENSITY IN 0/CC.

TABLE

RHOO US UP P V/VO PRESSURE IN
BRASS STANDARD

4.51 7.35 2.30 762 0.687 1043
- 7.40 2.29 164 0.691 1040
- 7.34 2.29 758 0.889 1038
- 7.94 2.97 1063 0.626 1497 i
- 7.92 2.97 1060 0.625 1497 j

1 US * 4.779 + 1.089 UP KM/SEC. SIGMA US - 0.74 PERCENT

COMMENTS:

13 SOURCE: MCOUEEN. R.G. AND MARSH. S.P.

J. APPL. PHYS.. VOL. 31. P. 1253 (1960)

LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. HEX.
2) EXPERIMENTAL TECHNIOQUE 8

SDATA REDUCTION TECHNIIUE B
STANDARD MATERIAL IS BRASS

$I) FOR THE BSASS STANDARD DATA SEE MATERIAL 36-33

4) VOI IAS TAKEN FROM THE A. 1. P. HANDBOOK (MCGRAW HILL BOOK CO.)
2ND ED.

UN/1-4
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57-.--3
T I TANIUM

[ TI ,
SVO -. 0.222 CIC/Q

VOI - 0.2183 CC/G

a IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC., PRESSURE IN
KILOBARS AND DENSITY IN G/CC. ST DESIGNATES THE STANDARD MATERIAL USED
"AS STRIKER PLATE. U(ST) IS THE VELOCITY BEFORE IMPACT.

TABLE

PJ400 US UP P V/VO ST U(ST)

4.50 7.55 2.44 828 0.67"6 AL 5.60

- 8.74 3.39 1331 0.6124 FE b.60
- 10.70 5.19 2500 0.5155 FE 8.640
- 11.05 5.58 2775 4.4950 FE 9.10 f

' ( US - 4.8M 1.1 , UP KH/SEC. FOR UP BETWEEN 2.44 TO 5.59 KM/SEC.
\ SIGMA US -0.08 KM/SEC.

COMMENTS:

I) SOURCE: KRUPNIKOV. K. K.. BAKANOVA. A. A.. BRAZHNIK. M. I. AND
TRUNIN. R. F.
SOVIET PHYS.-JETP. VOL. 8. P. 205 11963)

2) EXPERIMENTAL TECHNIE A
( DATA REDUCTION TECHNIQUE B

3) THE SAMPLES WERE POSITIONED ON PLATES OF AL OR FE AS INDICATED IN
COLUMN 6.

4) THE SPECIMENS WERE 3 TO 4 MM THICK AND 10 TO 15 MM IN DIAMETER.
5) THE PRESSURES WERE PRODUCED BY AN EXPLOSIVELY ACCELERATED ALUMINUM

OR STEEL PLATE AS INDICATED IN COLUIIN 6.
6) VOl WAS OBTAINED FROM THE AMERICAN INSTITUTE OF PHYSICS HANDBOOK.

(MCGRAW-HILL BOOK CO. 1957) 2ND ED.
7) ALSO LISTED ARE: RHOO AT 0 0D0. K. - 4.52-' G/CC

£LECTRONIC HEAT CAPACITY COEFFICIENT
710 CROS/0 DE0'2

ORUNEISEN CONSTANT " 1.14

C

UCS' 14/77'
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T ITANILNI

TI

h • 
vo - 0.2203-0.2217 CC/C

"vo - 0.2220 CC/a Ce - 5.2 KI/S.C

IN THE TABL.E BELOI4. VELOCITIES ARE OIVEN IN KM/SE-C, PRESSURF- IN KILOBARS

AND ODNSITY IN 01CC.

TABLE

--- . .-------------------- ----- STANOARO- ----

RHOO .US UP P VIVO MATERIAL UStST)

4.517 5.5% 0.40 t00. 0.9278 2024 AL 5.98

4.517 5.58 0.5a 131. 0.9068 2024. AL 6.18

4.519 5.68 057 17 0.89%6 2024 AL 6.26
4.517 5.71 0.55 142. 0.9037 Cu 4.62

( ',.517 5.71 0.63 162. 0.8597 CU 4.7.'8

4.539 5.75 0.71 185. 0.8765 2024 AL 6.48

4.539 5.73 0.71 185, 0.8761 202 AL 6.49

4.517 5.69 0.75 193. 0.86382 2024 AL 6.53

4.517 5.73 0.78 202. 0.8639 CU 4.88

4.539 5.95 0.00 270. 0.8319 20C4 AL 6.918

4.539 5.99 1.01 7o0. 0.8285 202'4 AL 6.91

4.517 5.87 1.03 273. 0.8245 921-T AL 6.76

4.517 6.09 1.16 319. 0.8095 CU 5.33

4.539 6.29 1.31 374. 0,7917 202 AL 7.38

4.539 6.23 1.32 373. 0.188! 2024 AL 7.38

4.510 6.36 1.44 414. 0.7736 9al-T A. 7.41

4.539 6.45 1.49 436. 0.7690 2024 AL 7.64

4.539 6.44 1.49 436. 0,7686 2024 AL 7.64

4.539 6.53 1.56 462. 0.7611 2024 AL 1.74

4.539 6.50 1.56 460. 0.7600 2024 AL .74

4.539 6.68 1.66 503. 0.7515 2024 AL 7.90

4.539 6.65 1.66 Sol. 0.7504 2024 AL 7.90

4.539 6.69 1.71 356. 0.8251 2024 AL 7.97

4.539 6.60 1.71 518. 0.7440 20%-T AL 7.97

4.517 6.99 1.4 613. 0.7225 921T AL 0.20

4.539 7.14 2.17 703, 0.6961 2024 AL 8.64

4.539 7.12 2.17 701. 0.8695 2024 AL 8.64

4.510 7.31 2 132. 066 BRASS 6.42

4.510 7.25 2.23 729. 0.8924 BRASS 6.42

4.510 7.26 2.23 730, 0.69'9 BRASS 6.43

4.517 7.27 2.26 149. 0.6864 921-T AL 8.72

, ,9.510 7.51 2.60 881. 0.6538 2024 AL 9.24

S.539 1.'.77 2.75 970. 0.6461 2024 AL 9.50

"".539 7.66 2.76 962. 0.8406 2024 AL 9.50

4.517 7.93 2.05 1006. 0.6360 CU 7.35

9.510 7.04 2.99 102W. 0.6314 BRASS 7.19

1,.510 7.92 1.89 101.g 0.6304 BRASS 7.10

%9.539 8.19 3.15 1171. 0.6t54 2024 AL 10.08

Uo6d14/77
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TITANI UM

RHO0 US UP P V/VO MATERIAL 'JS(ST)

4.539 8.12 3.16 1165. 0.6108 a02' AL 10.00

US - 5.220 + 0.75791P 101/SEC KM/SEC FOR UP LESS THAN 0.72 AND USING CO
510 US a 0.038 KMfSEC
US - 4.889 + I .045UP KM/SEC
SIG US a 0.068 KM/SEC

COMMENTS:

1' SOURCE: MCOUEEN. R.G.. MARSH, S.P.. TAYLOR. J.W.. FRITZ. J.M.,

AND CARTER. N.J.
THE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

HIGH VELOCITY IMPACT PHENOMENA. KINSLOW (ED.) (ACADEMIC

PRESS. NEW YORK. 1970) CHAOTER VII

2) EXPERIMENTAL TECHNIOUE: 9

DATA REDUCTION TECHNIOUE: 9

3) VOl FROM WYCKOFF. CRYSTAL STRUCTURES IINTERSCIENCE PUBLISHERS. N.Y.

(1963) V. I
4) SAMPLES WERE STRONGLY ANISOTROPIC. SUGGESTING THAT THE ISOTROPY

ASSUMPTION IN CALCULATING CO IS POOR.

5) TRANSITION AT 175 KBAR PROBABLY FCC-BCC

6) HUGONIOT ELASTIC LIMIT 18.5 KBAR

(-,

UO61 4/'77
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57 --- 5
TI TANI UM

TI 99.6 WT. PERCENT
FE 0.25 -' :i

C 0.0a " -( N 0.01 -

0 U.115-0.123 - -

VO * 0.2218 CC/O CL - 6.118 101/SEC CO - 4.83 KM1/SEC
Vote o.e0ao - CS a 3.246 -

THE TABLE LISTS RHO0 IN O/CC, VELOCITIES IN KM/SEC AND P IN KBARS.

TI - TITANIUM. FS- FANSTEEL AND WF- WEIGHTING FACTOR.

TABLE

- ------------ SAMPLE -=---- --IMPACTOR- -

RHOO US UP P V/VO MAT U IF

4.508 6.321' 1.422 405. .7750 TI 2.e45 1
4.508 7.604 2.621 899. .6553 TI 5.i24 I
4.508 10.939 5.534 2729. .4939 FS 7.849 1

US * 4.695 * I.146"UP KM/SEC
SIG.US - 0.045 KV/SEC.

COMIENTS:

I) SOURCE: Ir13ELL U.N.. SHIPMAN F.H. AND JONES A.H.
HUGONIOT EQUATION OF STATE OF ELEVEN MATERIALS TO FIVE MBARS
MATERIALS SCIENCE LABORATORY REPORT: MSL.-68-13

2) EXPERIMENTAL TECHNIOUEI : A
DATA REDUCTION METHOD : A

3) NOMINAL UNCERTAINTIES ARE: (SIG.USI/US - .005 AND (SIG.UI/U - .0005
41 ALSO LISTED ARE: POISSONS RATIO' 0.304, YIELD STRENGTH - 3.4-3.8 KBAR

TENSILE - - 5.2-5.3 KBAR
5) Vol OBTAINED FROM WYCKOFF CRYSTAL STRUCTURES

(JOHN WILEY AND SONS. N.Y. 1963) VOL. I

(!

CI
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ZIRCONIUM

ZR 99.8 PER CENT OR GRATER /

VO - 0.1540 CC/O.
VOl - 0.1545 CC/O.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC.,
PRESSURE IN KILOBARS. AND DENSITY IN G/CC-

TABLE

RI',O0 US UIP P vivo

5.49 4.494 0.7117 eO7.5 0.8416
- 4.6574 0.9563 290 0.7954

4.920 1.275 407 0.7408

US = 3.953 + 0.7570 UP KM/SEC SIGMA US - 0.1 PERCENT

COMMENTS:

I) SOURCE: WALSH, J. M.. RICE. M. H.. HCOUEEN. R. C. AND YARGER. F. L.
PHYS. REV., VOL. 108. P. 169 FF. (1957)

LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6, LOS ALAMOS. N. MEX.
2) EXPERIMENTAL TECHNIQ1UE 8

DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL 24ST ALUMINUM

3) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A UIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY 3 PER CENT IN

COMPRESSION AT A OIVEN PRESSURE.
4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.

6/f

IA/14f



TABLE I
ZIRCONIUM
58---I( -Ii I I ISx

x

3

2
II

t n

0

-1

-2

-3

-- ,I I I I . . . I

-a (n I tO to

UP t

m E -____ ___ ____ ___



PAGE 251

ZIRCONIUH

ZR 99.5 PERCENT OR GREATER ; I t

V0O- 0.1537 CCM0. CL a 4.76 KMl/SEC. CO 3.8e KM/SEC.
SV0I-0.1542 CC,0. CS -2.39 KHl/SEC. CS a 3.7% KM/SEC.

IN THE TABLE BELOW. VCLOCITIES ARE GIVEN IN MMI/tMICROSEC..
PRESSURE IN KILOBARS AND DENSITIES IN G/CC.

TABLE

SAMPLE STANDARD

RHOO US UP P V/VO RHOD US

6.506 4.440 0.634 183.1 0.857a 8.932 4.764
6.506 4.609 0.841 252.2 0.8175 8.934 5.024
6.509 4.661 0.850 257.9 0.8176 - 5.040
6.503 4.804 1.168 364.9 0.7569 - 5.426
6.505 4.938 1.267 407.0 0.7434 - 5.554
6.505 5.720 1.911 711.1 0.6659 - 6.387
6.512 5.758 1 .917 718.8 0.6671 - 6.400
6.505 5.753 1.956 732.0 0.6600 - 6.443
6.506 6.467 2.476 1041.8 0.6171 - 7.133
6.506 6.967 2.732 1220.6 0.6022 - 7.482
6.505 7.211 3.065 1437.7 0.5750 - 7.910

US - 3.812 * 0.9767 UP KM/SEC. FOR BELOW 257.9 KILOBARS
US - 3.207 * 1.287 UP KIM/SEC. FOR 364.9 KILOBARS AND ABOVE(

COMIHENTS:

REPORT NO.: GMX-6-566. PP. 51-6? d196A)1) SOURCE: MCQLUEN, R.0. AND MARSH. S.P.
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAHOS. N. HEX.

a2) EXPERIMENTAL TECHNIIOUE B
DATA REDUCTION TECHNIOUE 8
STANDARD MATERIAL IS COPPER

3) THE COPPER HUGONIOT IS REPRESENTED BY
US a 3.958 + 1.497 UP KM/SEC.
THE PARTIAL (DE/DP)V a 0.0562 CUBIC CM,

4) A TRANSITION APPEARS BETWEEN 257.9 AND 364.9 KILOBARS
5) VOi WAS TAKEN FROM THE AMERICAN INSTITUTE OF PHYS. HADBO (IMCGRAW-

HILL BOOK CO. N.Y.. 1963) 2ND ED.

U06/14/77
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58---3
Z I RCON II UM

ZR

VO - 0.1536-0.1541 CC/G CL a 4.77 KM/SEC CO a 3.89 KM/SEC
VOl - 0.1537 CC/0 CS - 2.39 KM/SEC CS a 3.74 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSUR~E IN ICILOBARS

AND DENSITY IN 0iCC.

TASLE

--------- -SAIPLE --------. . ------- ------- STANDARD -----

RHOO Us UP P V/VO MATERIAL US(ST)

6.510 4.34 0.53 150. 0.8779 CU 4.61
6.510 4.28 0. 54 150. 0.8738 CU 4.62
6.506 4.38 0.60 171. 0.8630 Cu 4.70

( 6.510 4.38 0.61 174. 0.8507 CU 4.71
6.488 4.44 0168 196. 0.846O 2024 AL 6.49
6.510 4.51 0.74 217. 0.8359 CU 4.87
6.510 4.52 0.74 218. 0.8363 CU 4.8
6.506 4.54 0.80 236. 0.8238 CU 4.95
6.509 4.59 0.8! 242. 0.8?35 CU 4.97
6.488 4.62 0.93 279. 0.7987 2024 AL 6.88
6.510 4.73 1.11 342. 0.7653 cu 5.33
6.503 4.73 1.13 348. 0.7611 CU 5.35
6.510 4.86 1.21 383. 0.7510 CU 5.45
6.505 4.87 1.22 386. 0.7495 CU 5.47
6.488 4.86 1.24 391. 0.7449 2024 AL 7.38
6.505 5.64 1.86 . 82. 0.670a CU 6.29
6.512 5.67 1.87 690. 0.6702 Cu 6.31
6.505 5.67 1.91 704. 0.6631 CU 6.35
6.509 5.97 2.10 '816. 0.648l2 CU 6.62
6.510 6.11 2.23 8O7. 0.6350 CU,6.74
6.506 6.37 2.42 1003. 0.6201 CU 7.03
6.510 6.52 2.57 1091. 0.6058 CU 7.22
6.510 6.73 2.66 1165. 0.6048 CU 7.355

"I6.506 6.77 2.68 1180. 0.8041 ClU 7.37
6.505 7.11 3.01 1392. 0.5787 Clu 7.80

US, - 3.757 + I.018*UP KM/SEC FOR UP LESS THAN 0.83 KM/SEC
S IGMA US - 0.023 KMISEC
US a 3.411 + I.222*UP 101/SEC FOR UP ABOVE 1.0 KM/SEC
SIGMA US - 0.07 KM/SEC

COMMENTSt

11 SOURCE: MCOUEEN. R.G., HARSH. S.P.. TAYLOR. J.W.. FRITZ. J.H..
ANO CARTER. N.J.
THE EGUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.

U06/134/77L
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HIGH VELOCITY IMPACT PHENOMENA. KINSLOW lED.) (ACADEMIC

PRESS, NH YORK. 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUl: 9
DATA REDUCTION 1TECWN|IQE' S

3) Vol FROM WYCKOrF, CRYSTAL STRUCTURES (INTERSCIENCE PULBLISIHRS, N.Y.

(I9631 V. I

L4 TRANSITION AT 2-0 KW PROBABLY FCC-9C;
' 15) V ( OP /O E. ) w 1 . 0 9

• . U 06 / 14 t"/ 7



TABLE I

Z I RCON I LIM

58

x x

3B

2

x

II
NI

u* x

5 g

ix

0

I J

-UP



PAGE 254

Z!RCONILNI

ZR

IN TETABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSUR~E IN KILOSARS,

TABLE

------- SAIPE ------- ---- STANDARD --------

RHOO UIS lip P V/VO MATERIAL RHOO(ST) US(ST)

6.51 9.87 5.0'. 3238. 0.489 IRON 7.85 11.21
- 7.56 3.47 1735. 0.548 IRON 7.85 8.83
- 6.21 2.26 913. 0.636 ALUMINUJM 2.71 9.17
- 5.77 2.06 7832. 0.639
- 4.78 1.28 ' 380. 0.745 ALUMIlNUM 2.71 7.34
- 4.28 0.54 150. 0.874 ALUMINUM 2.71 6.21

US 3.79 + 0.8771P KM/SEC FOR UP BELOW 1 .58 KM/SEC
US- 3.05 * 1.344*UP KM/SEC FOR UP BETWEEN 1.58 AND 5.04 KM/SEC

COMMENTS:

1) SOURCE: ALTSHULER. L. V., BAKANOVA. A. A., OUOOLAOOv. 1. P.
ZILM4AL EKSP- TEORET. FIZIKI V. 53. P. 1967 (1967).ic2) EXPERIMENTAL TECHNIQUE A.

DATA REDUCTION TECHIQUEOL B.
3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.

THE UNICERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD) MATERIALS USED WERE AS FOLLOWS
ALUMINUM UIS - 5.85 + I.39*UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US - 3.05 + I.615LUP FOR UP BETWEEN 1.0 AND 4.6 Ktt/SEC

5i THE VALUE OF VOl WAS ('STAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A w 3.232 ANGSTROMS. C a 5.147 ANGSTROMS (ft DEG. C)
WYCKOFF, R. W. G.. CRYSTAL STRUCTURES (INTEASCIENCE PUBLISHERS.
NEW YORK, LONDON. SIDNEY. 1903) END EDITION. VOL. 1. P. 11.

0) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE ME TALS.
(MIR PUBLISHERS. USSR. 19631 OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS (FIZJIATOIZ. USSR. 1963).

7) THE DISCONTINUJITY OF THE US VS. UP PLOT AT UP *1.038 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U.06/ 14/77
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HAFNIUM

HF 97 UT PERCENT
ZR 3 UT PERCENT

VO a 0.0779W CC/O CL a 3.87 KM/SEC CO - 3.03 K10/SEC
-VOi a 0.075515 CC/G CS a 2.09 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE OIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN 0eCC.

TABLE

----------------- SAMPLE ----------------- - STANDARD--

RHOO US UFS UP P vivo MATERIAL P

12.843 3.35 0.64 0.37 158 0.891 BRASS 14e
12.848 3.73 a.33 i.83 590 0.670 BRASS 597
18.846 5.51 4.76 2.36 1667 0.573 BRASS 1543
12.830 3.68 1.51 0.70 332 0.809 ALUMI•UM 221
18.88% 4.26 2.91 1.35 738 0.683 ALUMINUM 472
12.828 4.76 3.61 1.79 1082 0.687 ALUlINUM 688
12.822 3.88 1.91 0.99 491 0.746 BRASS 462

US -

COMMENTS:

I) SOURCE: OUST, 1W. H..
PRIVATE COMUI'JNICATION
UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION LABORATORY.
BOX 808. LIVERMORE. CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIQUE 9

DATA REDUCTION TECHNIOUE S.
3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.

TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIOIX.
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST IOATED.

4) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAOONAL CLOSE-PACKED STRUCTURE,
A - 3.1967 ANOSTROMS, C a 5.0`578 ANGSTROMS 426 DEO. C.)
14YCKOFF. R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY. 19631 ZND EDITION. VOL. I. P. II.

51 SOUN0 VELOCITIES WERE MEASURED BY H. L. OUNEOAN (SUPPORT ENGINEERING.( ULTRASONIC GROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION
LABORATORY. BOX BO, LIVERMORE. CALIFORNIA. 94550

U06/14177
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59 --- 2

HAFNIUM

S ~~~~VO -0./' C/ CL a 3.85 KM/SEC C .813lr•K VOl 0.07755 CC/t CS w 2.12 KM/SEC Co - 2.91 KM/SEC

IN THE TABLE ELOW, VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOSARS
AND DENSITY IN 0/CC.

TABLE

---------------- SAMPLE ------------------- STANDARD -----

Ri.O0 US UP P V/VO MATERIAL US(ST)

12.870 3.34 0.32 138. 0.9042 CU 4.44
12.900 3.43 0.44 195. 0.8717 CU 4.62
12.890 3.50 0.50 226. 0.8571 CU 4.71

S12.900 3.53 0.50 228. O.9584 CU 4.72
12.890 3.62 0.61 2N8. 0.8315 CU 4.88
12.880 3.86 0.92 457. 0.7617 Cu 5.33
1a.900 3.90 0.98 493. 0.7487 CU 5.42
Ia.900 3.90 1.00 503. 0.7438 CU 5.45
12.890 3.85 1.02 506. - 0.7351 CU 5.47
12.900 3.96 1.02 521. 0.7424 CU 5.49
12.890 4.25 1.40 767. 0.6706 CU 6.04
12.830 4.46 1.55 887. 0.6525 CU 6.27
12.890 4.51 1.61 938. 0.6430 CU 6.36
-!.910 4.65 1.59 1015. 0.6366 CU 6.49S12.900 4.74 1.77 1082. 0.6266 cu 6.62
12.840 4.86 1.69 1178. 0.6148 CU 6.77
12.920 5.21 2.17 1461. 0.5835 ICU 7.22

12.890 5.44 2.23 1564. 0.5901 CU 7.35
12.910 5.42 2.25 1574. 0.5849 CU 7.37
12.890 5.52 2.42 1722. 0.5616 CU 7.61

US a 2.954 I. 121"UP KM/SEC BELON UP - 0.8
SIGMA US a 0.021 KH/SIEC
US ,, 2.421 1.31IeUP KM-'SEC FOR UP ABOVE: 192 KM/SEC
Sl I GA US - 0.051 KM/SEC

COMMENTS:

I) SOURCEt MCOUEEN. R.O.. MARSH. S.P.. TAYLOR. J.W.. FRITZ. J.M..
AND CARTER. W.J.

THE EOUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA, KINSLOW. (ED.) (ACADEMIC
PRESS. NEW YORK, 1970) CHAPTER VII

?) EXPERIMENTAL TECHNIOUE: 9
DATA REDUCTION TECHNIQUJCt 6

3) Vol FROM NYCKOFF. CRYSTAL STRUCTURES (JOHN WILEY & SONS. N.Y.. 1953)

r61

UOB/ 1417
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SCANDIUM

sc

VO - 0.3320 CC/G CL a 5.59 KM/SEC CO - 4.28 KMI/SEC
Vol = 0.33494 CCIG CS - 3.25 KM/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KMISEC. PRESSURE IN KILOBARS
AND DENSITY IN GICC.

TABLE

- --------------- SAMPLE ----------------- -- STANDARD --

RH00 Us UFS UP P V/VO MATERIAL P

3.004 5.03 0.96 0.58 87 0.885 BRASS 147
3.010 5.99 3.10 1.68 301 0.720 BRASS 565
3.022 5.65 2.49 1.29 221 0.771 ALUMINUM 238
3.001 7.34 5.67 3.36 744 0.544 BRASS 1480

( 3.035 6.69 5.06 2.50 508 0.628 ALUIM.IM 556
2.996 4.92 0.98 0.54. 79 0.891 ALUMINUM 85

US-

COftENTS:

t 1) SOURCE: GUST. 1. H.
PRIVATE COMMUNICATION
UNIVERSITY OF CALIFORNIA. LAI4RENCE RADIATION LABORATORY.
BOX 108. LIVERMORE, CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIOUE B.
DATA REDUCTION TECHNIOUE 9.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIQUE.
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE

US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST IGATED.

4) THE VALUE Or VOl WAS C43TAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A - 3.3090 ANOSTROMS, C - 5.2733 ANGSTROMS iCA. 20 DEG. C.)
WYCKOFF. R. 14. G.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY. 1963) 2ND EDITION. VOL. 1. P. It.

93) SOUND VELOCITIES WERE MEASURED BY H. L. DUNEGAN (SUPPORT ENGINEERING,
ULTRASONIC GROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION

C LABORATORY. BOX 80e. LIVERMORE, CALIFORNIA. 94550

U06/14/77
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SCANDIUMI

SC

SVO - 0.32 CC/0

VO! - 0.33494 CC/0
I

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN Kil/SEC, PRESSURE IN KILOBARS
AND DENSITY IN 0/CC.

TABLE

- SAMPLE ------------ ----- -- STANDARD --------

RHOO US UP P V/VO MATERIAL RHOO(ST) USCST)

3.09 10.94 6.04 2042. 0.448 IRON 7.85 11.21 b
- 8.42 4.16 1082. 0.5f96 IRON 7.•5 8.83
- 7.31 2.93 662. 0.599 ALUM114UM 2,71 9.17
- 6.09 1.56 2 94. 0.744 ALLU I NUM 2.71 7.34S- 5.63 0.69 I;0. 0.877 ALUMINUM 2.71 6.21

US - 5.05 + 0.746'UP KM/SEC FOR UP BELOW 3.72 KM/SEC
US - 2.83 + 1.3426UP KM/SEC FOR UP BETWEEN 3.72 AND 6.04 KM/SEC

COMMENTS:

I) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A., DUDOLADOV. I. P.
"ZHURNAL EKSP. TEORET. FIZIKI V. 53, P. 1967 (1967).

( 2) EXPERIMENTAL TECHNIQUE A.
"DATA REDUCTION TECHNIQUE 9.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUM1INUMJ US - 5.25 + I.39*UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US - 3.95 + 1.615'UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VO WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSe-PACKED STRUCTURE.
A - 3.3090 ANGSTROMS. C - 5.2733 ANOSTROtS ICA. 20 D0E. C)
WYCKOrF, R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEN YORK, LONDON. SIDNEY. 1963 2ND EDITION. VOL. I. P. II.

6) THE DISCONTINUITY OF THE US V$. UP PLOT AT UP u 3.72 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

6

SU~00/14/'7"
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•'r• YTTRIUM i

v a .eeCC/0 CL - 4.24 KM/SEC CO u3.32 KM/SEC
voI - 0.22364 CC/O CS a Z.28 KI!/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN 01CC.

TABLE

--------------- SAMPLE -- STANDARD --

RHO0 US UFS UP P V/vo R'TERIAL P

4.513 4.16 2.13 1.24 234 0.105 ALUMINUM 238
4.513 4.52 3.03 1.62 329 0.640 BRASS 565
4.512 3.65 0,98 0.56 93 0.847 BRASS 147
4.512 6.37 6,21 3.14 905 0.508 BRASS 1480
4.511 5.26 4,72 2.35 556 0.552 ALUMINUM 556
4.514 4.89 3.77 1.92 423 0.607 ALUMINUM 423

LUS

COMMENTS:

1) SOURCE: OUST, W. H.
PRIVATE COMMUNICATIOH
UNIVERSITY OF CALIFORNIA. LAIWRENCE RADIATION LABORATORY.
BOX 808, LIVERMORE, CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIOUE S.
DATA REDUCTION TECHNIQUE B.3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.

TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIOUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST IOATED.

4) THE VALUE OF" VO WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A a 3.6474 ANGSTROMS. C - 5.7305 ANGSTROMS
WYCKOFF, R. W. G.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY. 1963) 2ND EDITION, VOL. 1. P. II.

5) SOUND VELOCITIES WERE MEASURED BY H. L. DUNEGAN (SUPPORT ENGINEERING.
UL.TRASONIC GROUP) UNIVERSITY OF CALIFORNIA. LAWRWENCE RADIATION
LABORATORY. BOX 808. LIVERMORE. CALIFORNIA. 94550

8) THE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALS) BEEN MEASURED BY
SMITH. .J. F.. CARLSON. C. E. AND SPEDIOINO. F. H.. ELASTIC PROPERTIES
Of" YTTRIUM AND ELEVEN OF THE RARE EARTH ELEMENTS. ,•LJ4AL OF METALS
(TRANSACTIONS AIIE) OCT. 1957 P. 1212. THE MEASURED VALUES ARE:

CL - 4.280 PLUS OR MINUIS 0.021 KM/SEC

U06/O14/77
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CS 2 2.420 PLUS OR HINUS 0.018 KM/SEC.
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YTTRIUM

( VO CC/O CO 3.B3 KM/SEC

i VO! - 0.22364 CC/G

IN THE TABLE BELOW, VELOCITIES AM: GIVEN IN KM/SEC. PRESSURE IN KILOSARS
ANOD DENSITY IN 0/CC.

TABLE

------------ SAMPLE ........ STANDARD --------

RHO0 US UP P ViVO MATERIAL RHOO(ST) US(ST)

4.49 10.13 5.59 M5'.2. 0.448 IRON 7.95 11.21
- 7.45 3.92 1311. 0.474 IRON 7.85 8.83
- 5.79 2.71 705. 0.532
- 5.82 8.77 72'.. 0.5N- ALNIMINUM1 2.71 9.17( - 5.36 2.37 570. 0.558
- 4.46 1.52 304. 0.659 ALUMtINUM 2.71 7.34

3.85 0.69 319. 0.8Z1 ALUMINUM 2.71 6.21

US a 3.33 + 0.753*UP KM/SEC FOR UP BELOW 2.09 KM/SEC

US - 1.86 * I.-456UP KM/SEC FOR UP BETWEEN 2.09 AND 5.59 KM/SEC

COMMENTS:

S31) SOURCE: ALTSH-ILER. L. V., BAKANOVA. A. A., DUOOLADOV, I. P.
ZHURNAL £KSP. TEORET. FIZIKI V. 53. P. 1967 (1967).

2) EXPERIMENTAL TECHNIOQU A.
DATA REDUCTION TECHNIGUE 9.

31 ONLY SHOCK VELOCITIES NERE MEASURED TO OETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HIOON OTS OF STANDARD MATERIALS USEO WERE AS FOLLOWS
ALUMINUM US - 5.25 * 1.39-UP FOR UP BFIlWEEN 0.0 AND 6.0 KM/SEC
IRON US o 3.65 1.615*UP fOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) TH VALUE OF VO! WAS OBTAINED FROM TIE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED SIRUC-TURC.
A a 3.6474 ANGSTROMS. C a 5.7306 ANGSTROMS (CA. 20 D0O. C)
MYCKOFF. R. N. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK, LONDON, SIDNEY, 1963) 2ND EDITION. VOL. 1, P. II.

61 THE AUTHORS OBTAINED THE VALUE OF CO FROMt HANDBOOK OF RARE METALS.
IMIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL, INTRODUCTION TO

( SOLID STATE PHYSICS (FIZMATOIZ. USSR. 1983).
"7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP P 2.09 KM/SEC IS

ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

UO, 114177
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LUTET ILIM

LU

VO a O.026 CC/O COr- e.13 KM/SEC
VOI a 0.10153 CC/O

".3.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN Kh/SEC. PRESSURE IN KILOSARS
AND DENSITY IN 0/CC.

TABLE

------------ SAMPLE ........ STANDARD --------

RHO0 US UP P V/VO MATERIAL RHOO(ST) US(ST)

9.74 8.56 4.60 3835. 0.463 IRON 7.85 11.21
- 4.53 2.16 953. 0.523 ALUtIINUM 2.71 9.17
- 3.38 1.17 385. 0.654 ALUHIJNUM 2.71 7.34
- 2.76 0.54 145. 0.805 ALUMINI.UM 2.71 6.21

SUS - 2.20 + I.O0.UP KH/SEC FOR UP BELOW 1.88 KM/SEC
US a 0.98 + 1.650UP KM/SEC FOR UP BETWEEN 1.88 AND 4.60 KM/SEC

COMMENTS:

1) SOURCE: ALTSHULER, L. V.. BAKANOVA, A. A., DUOOLADOV. I. P.
ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 (1967).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIOUE B.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) IHJOONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
AL.UMINUM US a 5.25 + 1.39-UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US a 3.85 * 1.615*UP FOR UP BETWEEN 1 .0 AND 4.6 KM/SEC

5) THE VALUE OF VOl WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A a 3.5031 ANGSTROMS. C a 5.5509 ANGSTROMS ICA. 20 DEG. C)
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SIDNEY. 1963) 2ND EDITION. VOL. 1. P. II-

5) THE AUTHORS OTAINED THE VALUE OF CO FROM HANOSQOK OF RARE METALS.
(MIR PUBLISHERS, USSR. 1963) OR FROM C. KITTEL, INTRODUCTION TO
SOLID STATE PHYSICS (FIZMATOIZ. USSR. 19631.

"7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP 1 .88 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/ 14177
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63--- I
YTTERBIUM

VO a 0.1430 CC/0 CL - 1.88 KYVSEC CO 1.46 KM/SEC
VOl a 0.14368 CC/O CS a 1.02 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN K20/SEC, PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TABLE

---------------- SAMPLE ------------------- STANDARD --

R-HOO US UFS UP P VIVO MATERIAL P

7.020 1.86 1.02 0.48 62 0.745 BRASS 118
7.021 4.89 5.98 2.99 1024 0.389 BRASS 1479
6.978 2.57 2.40 1.20 214 0.535 ALUMINUM 228
6.980 2.94 3.04 1.50 307 0.490 BRASS 506(6.977 3.90 4.40 2.19• 593 0.440 ALUMINUM 537

IS-

COMMENTS:

I) SOURCE: OUST. W. H.
PRIVATE COMMUJNICATION
-UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION LABORATORY.
BOX 808. LIVERMORE. CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIQUE B.
DATA REDUCTION TECHNIOUEL B.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIOUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST IGATED.

4) THE VALUE OF VOl WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTURE.
A a 5.4862 ANOSTROMS
WYCKOFF. R. N. 0., CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY, 1963) 2ND EDITION. VOL. 1. P. 10.

5) SOUND VELOCITIES WERE MEASURED BY H. L. DIJEGAN (SUPPORT ENGINEERING,
ULTRASONIC OROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION
LABORATORY. BOX 808. LIVERMORE. CALIFORNIA. 94550

6) THE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN MEASURED BY
SMITH. J. F.. CARLSON. C. E. AND SPEDOING. F. H.. ELASTIC PROPERTIES
OF YTTRIUM AND ELEVEN OF THE RARE EARTH ELEMENTS. JRU4AL OF METALS
(TRANSACTIONS AIE) OCT. 1957 P. 1212. THE HEA31JRED VALUES ARE:

CL a 1.820 PLUS OR MINUS 0.0a KM/SEC
CS - 0.999 PLUS OR MINUS 0.001 KM/SEC.

U06/14/77
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ERS- I UMI

ER

VO a 0.110 CC/G CO 2.M5 Kl'/SEC

S~ VOl a 0.11033 C¢/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOOARS

AND DENSITY IN O/CC.

TABLE ji.
------------ SAMPLE ------------ ------- STANDARD --

RHOO US UP P V/v0 MATERIAL RHOO(ST) USST) 3I

9.05 8.22 4.79 3563. 0.417 IRON 7.85 11.21
- 6.01 3.37 1833. 0.439 IRON 7.85 8.83
- 4.56 2.23 920. 0.511 ALUMINUM 2.71 9.17
- 4.20 1.96 745. 0.533 COPPER 8.93 6.45
- 3.44 1.21 377. 0.548 ALUMIINUM 2.71 7.34
- 2.84 0.56 144. 0.803 ALUMINUM 2.71 6.21

US w 2.20 + 1.0330UP KM/SEC FOR UP BELOW 2.71 KM/SEC
US f 0.77 + 1.560#UP KM/SEC FOR UP BETWEEN 2.71 AND 4.79 KM/SEC

itCOIMMENTS: ;

1) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A.. DUOOLAOOV. I. P.
ZHLRNAL EKSP. TEORET. FIZIKI V. 53, P. 1967 (1967).

2) EXPERIMENTAL TECHNIOUE A.
DATA REDUCTION TECIHNIOUE 8.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
-THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS Or STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US a 5.25 + 1.394UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
COPPER US - 3.95 # I.50UP FOR UP BETWEEN 0.0 AND 4.0 KM/SEC
IRON US a 3.5 & 1.6150UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOl WAS OBTAINED FROM THEf FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A a 3.5588 ANGSTROMS. C - 5.5874 ANGSTROMS (CA. 20 DEG. C)
HYCKOFF. R. W. G., CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK, LONDON. SIDNEY. 1963) 2ND EDITION. VOL. 1, P. 11.

6) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL. INTROOUCTION TO
SOLID STATE PHYSICS (FIZMATOIZ, USSR, 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 2.71 KM/SEC IS

ATTRIBUTED TO AN ELECTRONIC PHASE CHANOC.

U06/14/77
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67--- I
DYSPROSIUMI

DY

VO a 0.1168 CC/G CL - 2.96 KMI/SEC CO = 2.19 KMISEC
VOl - 0.11683 CC/G CS - 1.72 KN/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.
II

TABLE

- --------------- SAMPLE ----------------- - STANDARD --

RHDO US UFS UP P V/VO MATERIAL P

8.563 2.60 0.85 0.41 92 0.841 BRASS 118
8.557 5.05 5.66 2.77 1195 0.453 BRASS 1479
8.556 3.14 2.05 0.98 264 0.689 ALUMINUM Z28
8.560 3.44 2.71 1.33 391 0.615 BRASS 506
8.559 4.07 3.91 1.95 679 0.522 ALUM I NUM 537

US.

COMMENTS:

I) SOURCE: GUST. W. H.
PRIVATE COMMUNIICATION
UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION LABORATORY,
BOX 808. LIVERMORE, CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIOUE 8 e
DATA REDUCTION TECHNIQUE 9.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIOUE
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST I GATED.

4) THE VALUE OF VOI WAS OBTAINED FROM 'Hr- FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSF-PACKEO STRUCTURE.
A - 3.5903 ANGSTROMS. C a 5.6475 ANOSTROMS ( CA. 20 OCO. C.
WYCKOFF. R. W1. 0., CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY. 1963) 2ND EDIIION. VOL. 1, P. II.

5) SOUND VELOCITIES HERE MEASURED BY H. L. DUNEGAN (SUPPORT ENGINEERING,
ULTRASONIC GROU.P) UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION
LABORATORY, BOX 809. LIVERMORE. CALIFORNIA. 94550

61 THE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN MEASURED BY
C SMITH, J.F., CARLSON. C. E. AND SPEDOING. F. H., ELASTIC PROPERTIES

OF YTTRILNM AND ELEVEN OF THE RARE EARTH ELEMENTS. JOURNAL OF METALS
(TRANSACTIONS AIME) OCT. 1957 P. 1212. THE MEASURED VALUES ARE:

CL - 2.958 PLUS OR MINUS 0.001 KM/SEC
CS - 1.724 PLUS OR MINUS 0.009 I<t/SEC.

U06I 14177
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67---2
DYSPROS I ULm

V 0, -121 CC/0 Co 2.19 KM/SEC
VOI "0.11683 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PR!ESSUVRE IN KILOSARS

AND DENSITY IN 0/CC.

TABLE

------- SAMPLE ------- ---- STANDARD --------- I

RHOO US UP P VIVO MATERIAL :4-O(ST) US(ST)

8.52 8.22 4.89 3425. 0.405 IRON 7.65 11.21 I !
- 6.20 3.40 1796. 0.452 IRON 7.85 8.83
- 4.56 2.30 893. 0.496 ALUMINUI 2.71 9.17- 4.23 1.99 "717. 0.530 COPPER 8.93 6.45- 3.57 1.47 447. 0.588

- 3.38 1.26 362.8 0.627 ALUMINUMR 2.71 7.34
- 2.85 0.57 138.4 0.800 ALUMINI•M 2.71 6.21 J.

US - 2.37 + 0.81*UP KM/SEC FPR UP BELOW 1.70 KM/SEC
US a 1.34 + i.417"UP KM/SEC FOR UP BETWEEN 1.70 AND 4.89 KM/SEC

COMM1ENTS:

1) SOURCE: ALTSI4JLER. L. V.. BAKANOVA. A. A.. DUDOLADOV. I. P.( ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 (1967).
23 EXPERIMENTAL TECI.NIIQGE A.

DATA REDUCTION TECHNIQUE B.
3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.

THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMIN• US - 5.25 .I.39UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
COPPER US a 3.95 ' I.5OUP FOR UP BETWEEN 0.0 AND 4.0 KM/SEC
IRON US - 3.85 * 1.6151UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

51 THE VALUE OF VOi WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A - 3.5903 ANGSTROMS. C - 5.6475 ANGSTROMS ICA. 20 IEO. C)
WYCKOFF, R. W. G.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SIDNEY. 19631 2ND EDITION. VOL. 1. P. I1.

6) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS,
IMIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL. INTROOUCTION TO
SOILID STATE PHYSICS EFIZHATGIZ. USSR. 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP v 1.70 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/1i4/77
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GADOL INI UM

GO

VO a 0.1I64 CC/G CL - 2.94 KM/SEC CO- 2.21 K'M/SEC
; Vol a 0. Ia578 C:C/G CS - 1 .68 KlM/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TABLE

--------------- -SAMPLE ---------------- -- STANAR --

RHOO US UFS UP P V/VO IAIERIAL P

7.937 2.67 0.93 0.36 100 0.819 BRASS 139
7.933 3.60 2.82 1.42 405 0.605 BRASS 547
7.941 5.25 5.69 2.76 1151 0.476 BRASS 1433
7.89W 3.15 2.06 1.05 261 0.665 ALUMINUM 230(. 7.891 4.31 3.99 1.94 657 0.551 ALUMINUM 534
7.893 2.86 1.49 0.67 151 0.765 ALUMINUM 135

US -

* COMMENTS:

1) SOURCE: OUST. 1W. H.
PRIVATE COl.UNICATION
UNIVERSITY OF CALIFORNIA, LAIWRENCE RADIATION LABORATORY.

:. BOX 809. LIVERMORE. CALIFORNIA. 94550
2) EXPERIMENTAL TECHNIQUE B.

DATA REDUCTION TECHNIQUE B.
3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.

TAKING INTO ACCOUNT THE ACCURACY OF TI* EXPERIMENTAL TECHNIQUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. LIP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEINGS! INVESTI!GATED.

4) THE VALUE OF VOl •AS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
Or THE HEXAGONAL CLOSE-PACKED STRUCTURE,
A - 3.6360 ANGSTROMS. C a 5.7W86 ANGSTROIIS (CA. ?0 DEG. C.)
WYCKOFF. R. W. 0., CRYSTAL STRUCTURES (INTERtCIENCE PUBLISHERS,
NEW YORK. LONDON. SYDNEY. 1963) 2ND EDITION, VOL. I

5) SGUND VELOCITIES WERE MEASURED BY H. L. OUICGAN (SUPPORT ENGINEERING.
bD ULTRASONIC GROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION

LABORATORY. BOX 808. LIVERMORE, CALIFORNIA. 94550
61 THE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN MEASURED BY

SMITH, J. F.. CARLSON. C. E. AND SPEDDING. F. '4.. ELASTIC PROPERTIES
OF YTTRIUM AND ELEVEN OF THE RARE EARTH ELEMENTS, JOURNAL OF METALS
(TRANSACTONS AIME) OCT. 1957 P. 1212. THE MEASURED VALUES ARE:

CL a 2.951 PLUS OR MINUS 0.003 KM/SEC
CS a 1.682 PLUS OR MINUS 0.001 KM/SEC.

U08/ 14/77
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GADOLINIUM

00

VO - 0.16 CC/0 CO - 2.25 KM/SEC
SANDVOI N 0.12I8 CC/.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARSS~AND DENSITY IN GLEE.

TABLE

,- - SAM'PLE STANDARD--------

RHOO US UP P V/VO MATERIAL RHOO(ST) USIST)

7.93 9.29 5.00 3287. 0.397 IRON 7.85 11.21
- 6.26 3.48 17MS. 0.444 IRON 7.85 8.83
- 4.79 2.33 885. 0.514 ALUMINUM 2.71 9.17
- 3.51 1.28 356. 0.635 ALUMINUM 2.71 7.34( - 2.83 0.60 135. 0.788 ALUMINIUMN 2.71 6.21

US - 2.25 + 0.98&UP KM/SEC FOR UP BELOW 1.74 KM/SEC
US s 1.650 * 1.3251UP KM/SEC FOR UP BETWEEN 1.74 AND 5.00 KM/SEC

COM'HENTS: U

1) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A.. DUDOLADOV. 1. P.
ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 (1967).

(2) EXPERIMENTAL TECHNIOUE A.
"DATA REDOUCTION TECHNIQIUE B.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO OETERIIINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANOARO MATERIALS USED WERE AS FOLLOWS
ALUMI NUM US - 5.25 + 1.399UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US - 3.95 * i.61SfUP FOR UP BETWEEN 1.0 AND 4.6 KM/ISEC

91-THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A - 3.536 ANOSTROtMS. C - 5.7026 ANOSTROMS (CA. 20 DEG. C)
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES tINTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SIDNEY. 19631 2NM EDITION. VOL. I, P. II.

6) TI'E AUTHORS OB1TAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS, USSR. 1963) OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS (FIZMATOIZ. USSR. 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 1.74 KM/SEC IS( ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/14/77



TABLE !

GADOLINIUMI
69---2

S ( 9 I ,

6

Ln 5

4x

0 f
SCUP

(u



PAGE 270
70--- I
EUROPIUM

EU

YO a 0. 1"79 CCiO CL - 2.26 KMI/SEC CO * 1.79 KM/SEC
Vol - 0.1935 CC/O CS a 1.19 104fSEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOSARS
AND DENSITY IN 0/CC.

TABLE

-------- SAMPLE --------- -- STANDARD -

RHOO US UFS LP P V/VO MATERIAL P

5.402 2.09 1.01 0.54 61 0.741 BRASS 131 ,
5.253 3.07 3.30 1.70 274 0.446 BRASS 153
5.400 5.14 6.57 3.26 903 0.366 BRASS 1530
5.294 2.70 2.69 1.30 186 0.518 ALUMINUM 2e1
5.301 4.56 5.77 2.79 673 0.388 ALUMINUM 688
5.301 2.40 0.97 123 0.597 ALUMINUM 149
5.302 3.86 4.38 2.21 452 0.428 ALUMINUM 472

US

COMMENTS:

I) SOURCE: OUST. W. H.
(i PRIVATE COMtUNICATION

UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION LABORATORY,
BOX 808. LIVERMORE. CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIQUE B.
DATA REDUCTION TECHNIQUE 9.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECCHNIOUE.
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE-
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST IGATED.

4) THE VALUE OF VOl WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CU1IC BODY CENTERED STRUCTURE.
A w 4.806 ANOSTROMS
WYCKOFF. R. W. 0., CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEll YORK. LONDON, SYDNEY, 1963) 2ND EDITION. VOL. 1, P. 16.

5) SOUND VELOCITIES WERE MEASURED BY H. L. DUNEOAN ISUPPORT ENGINEERING.
ULTRASONIC OROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION

LABORATORY, BOX 908. LIVERMORE, CALIFORNIA. 94510

U6/714/77
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PAGE 271
"71---I
SAMAR I UI

VO a 0.1338 CC/G CL a 2.92 KM/SEC CO * 2.23 K10/SEC
VOl w 0.132'7 CC/G CS a 1.63 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
I.. AND DENSITY IN G/CC.

S~TABLE

---- - -- A•PLE ....---------------- -- STANDARD --

RO0o Us lrS lUP P V/Vo MATERIAL P.

7.452 2.72 0.94 0.50 101 0.819 BRASS 149
7.505 3.61 2.93 1.53 414 0.577 BRASS 583
7.451 5.39 6.11 2.96 1188 0.450 BRASS 1570
7.475 3.14 2.12 1.09 254 0.654 ALUMINUM 233
7.477 4.30 4.23 2.04 654 0.526 ALUMINUM 542
7.478 4.93 5.11 2.47 8931 0.489 ALUM INlUM 730

USh

COMMENTS:

1) SOUlRCE: OUST. W. H.
PRIVATE COMt UN ICATION
UNIVERSITY OF CALIFOPNIA. LAWRENCE RADIATION LABORATORY.
1BOX 808. LIVERMORE. CALIFORNIA. 94550

2) EXPERIMENTAL TECHNIQUE: B.
DATA REDUCTION TECHNIOUE 8.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIOUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIONIFICANCE OF THIS CHARACTERISTIC IS BEING
INVEST I GATED.

4) THE VALUE OF VOl WAS (OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF A HEXAGONAL UNIT CELL CONTAINING NINE ATOMS.
A - 3.WI ANOSTROMS. C - 26.25 ANGSTROIS
WYCKOFF, R. W. 0.. CRYSTAL STRUCTURES t lNTERSCIENICE PUBLISHE[RS.

NEW YORK, LONDON. SYDNEY. 1963) 2ND EDITION. VOL. I. P. 24.
5) SOUND VELOCITIES WERE MEASURED BY H. L. DJNEOAN tJSUPPORT ENGINEERING.

ULTRASONIC GROUP) UNIVERSITY OF CALIFORNIA. LAWRENCE RADIATION
LABORATORY. BOX 808. LIVERMORE. CALIFORNIA. 94550

8) THE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN M:ASURED BY
SMITH, J. F.. CARLSON. C. E. AND SPEDOING. F. H.. ELASTIC PROPERTIES
OF YTTRIUM AND ELEVEN OF THE RARE EARTH ELEMENrS. JOURNAL OF METALS
(TRANSACTIONS AIME) OCT. 1957 P. 1212. THE MEASURED VALUES ARE,

CL - 2.702 PLUS OR MINULS 0.004 K1/SEC
CS a I.292 PLUS OR MINUS 0.017 KM/SEC.

U106/14/77
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$SAMAR I 1H *1
71 --- a

SM I

VO a 0.133 CC/O CO Z.26 K'l/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN K'VSEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

II

TABLE

SSAMPLE ------------ STANDARD --------

RHOO US UP P V/VO MATERIAL RHOOEST) L.S(ST)

7.50 8.78 5.00 3293. 0.430 IRON 7.85 11.21
- 6.49 3.49 1699 0.462 IRON 7.85 8.83

4.65 2.43 847. 0.477 ALUM INUM 2.71 9.17
- 4.26 2.09 671. 0.512 COPPER 8.93 6.45
- 3.42 1.34 344. 0.608 ALUM I NUI 2.71 7.34

- 2.71 0.63 128. 0.767 ALUMINUMt 2.71 6.21

US - 2.19 + 0.88*UP KM/SEC FOR UP BELOW 1.87 KM/SEC
US a 0.84 + 1.600"UP KM/SEC FOR UP BETWEEN 1.87 ANM 5.00 KM/SEC

COMMENTS:

1) SOURCE: ALTSHULER, L. V.. BAKANOVA. A. A., DOUOLAOOV, I. P.
ZHUJNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 11967).

2) EXPERIMENTAL TECHNIOUE A.
DATA REDUCTION TECHNIOUE 8.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE SIRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUIt US a 5.25 * 1.39"UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
COPPER US - 3.95 * 1.50OUP FOR UP BETWEEN 0.0 AND 4.0 KM/SEC
IRON US - 3.85 & i,6159UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF A HEXAGONAL UNIT CELL CONTAINING 9 ATOMS
A - 3.6I1 ANGSTROMS. C a 26-.2 ANOSTROMS
WYCKOFF. R. W. G.. CRYSTAL STRUCTURES (INTERSCIENCE PULISHERS,
NEW YORK. LONDON. SIDNEY, 1963) 2ND EDITION, VOL. I. P. 24.

6) THE AUTHORS OBTAINED THE VALUE OF CO 7ROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL, INTRODUCTION TO
SOLID STATE PHYSICS (FIZMATGIZ. USSR. 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP 1 1.87 KM',SEC IS
ATTRIPJTEO TO AN ELECTRONIC PHASE CHANGE.

UO/ 14/77
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NEODYMIUM

ND

(
VO a 0.1427 CC/0 CL a 2.92 KM/SEC CO , 2.18 KM/SEC
VOI O. I427 CC/0 CS a 1.55 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOBARS
AND DENSITY IN OGCC.

TABLE

--------------- SAMPLE ------------------- STANDARD

Sus u5s UP P V/Vo MATERIA. P

"7.012 2.50 1.00 0.51 89 0.799 BRASS 139
"7.008 3.54 2.93 1.40 369 0.581 BRASS 547
"7.007 5.38 5.90 2.96 1075 0.469 BRASS 1433
"7.010 3.13 2.21 1.11 243 0.644 ALUM I NUM 230
7.002 4.32 4.31 2.03 618 0.526 ALUMINUMt 534
7.005 2.77 1.58 0.73 141 C.738 ALUMINUM 135

US -

COMMENTS;

1) SOURCE: OUST. W. H.
PRIVATE COMLNICATION
UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION LABORATORY.
BOX 808. LIVERMORE, CALIFORNIA. 94550

a) EXPERIMENTAL TECHNIQUE B.
DATA REDUCTION TECHNI1UE B.3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.

TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIQUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVESTIGATEO.

4) THE VALUE OF VOI WAS 'BTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSE-PACKED STRUCTURE.
A - 3.•57 ANOSTROMS. C - 5.902 ANGSIROMS
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDNEY. 1963) M EDITION. VOL. I. P. II.

51 SOUND VELOCITIES WERE MEASURED BY H. L. OUNEGAN (SUPPORT ENGINEERING.
ULTRASONIC GROUPI UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION
LABORATORY. BOX 808. LIVERMORE, CALIFORNIA. 94550C 6) I4 LONOITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN MEASURED BY
SMITH, J. F.. CARLSON. C. E. AND SPEDOING, F. H., ELAS7IC PROPERTIES

OF YTTRIUM AND ELEVEN OF THE RARE EARTH ELEMENTS, JOURNAL OF METALS
(TRANSACTIONS AIME) OCT. 1957 P. 112. THE MEASURED VALUES ARE:
CL - 2.718 PLUS OR MINUS 0.006 KM/SEC
CS a 1.430 PLUS OR MIMJS 0.013 KMiSEC.

U05/ 14177
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NEODYtII UM

NiD

i(VO - 0.14 CC/0 CO 2 .15 KMI/SEC

VOI ,, 0.142"7 CCIO

IN THE TABLE CCELOWG VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOSARS
AND DENSITY IN O/CC.

TABLE

- SAMPLE .....- - STANDARO --------

RHOD US UP P V/VO MATERIAL RHOO(ST) US(ST)

7.0 8.88 5.09 316'. 0.427 IRON 7.85 11.21
- 6.62 3.54 1640. 0.465 IRON 7.85 8.83

4.76 2.48 826. 0.479 ALUMINUM 2.71 9.17
3.48 1.38 336. 0.604 ALUMINUM 2.71 7.34

- 2.75 0.68 127. 0.760 ALUMINUM 2.71 6.21

US - 2.08 + I.OI"5UP KM/SEC FOR UP BELOW 2.07 KM/SEC
US a 0.90 + 1.5854UP KM/SEC FOR UP BETWEEN 2.07 AND 5.09 KM/SEC

COIMENTS:

1) SOURCE: ALTSH-ULER. L. V.. BAKANOVA, A. A.. OUDOLADOV. 1. 0.
ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 (1967).

21 EXPERIMENTAL TECHNIQUE A.
"DATA REDUCTION TECHNIQUE B.

3) OILY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) I-JGONIOTS OF STANDARO MATERIALS USED WERE AS FOLLOWS
ALUMINUII US - 5.25 + 1.396UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US a 3.85 + 1.615*UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOS'-PACKED STRUCTURE.
An 3.657 ANGSTROMS, C - 5.902 ANOSTROMS
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK. LONDON. SIDNEY. 3963) 2ND EDITION. VOL. 1. P. 11.

6) THE AUTHORS OBTAINED THE VALUE. OF CO FROM HANDBOOK OF RARE METALS,b (MIR PU•LISHERS. USSR. 1963) OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS (FIZ"ATGIZ, USSR. 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 2.07 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/14, r7
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PRASEODYM I Uti

PR
', i

vo - 0.1480 CC/G CL - 2.72 KMISEC CO, 2.11 KM/SEC
VOl w 0.1469 CC/o CS w 1.49 KM/SEC

IN THE TABLE BELOH, VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILO1BARS
AND DENSITY IN O/CC.

TABLE

- SAMPLE - -- STANDARD--

RHOO US LfS UP P V/VO MATERIAL P

6.730 2.53 0.97 0.52 90 0.793 BRASS 149
6.754 3.53 3.02 1.59 379 0.550 BRASS 563
6.728 5.70 6.73 3.01 1153 0.473 BRASS 1570
6.778 3.04 2.11 1.16 238 0.830 ALUMINUM 233
6.789 4.43 4.30 2.11 631 0.5m5 AULU INUM 54a
6.772 5.06 5.04 2.53 967 0.499 ALUMINMII 730

US,,

COMIIENTS:

1) SOURCE: GUST. W,. H.
PRIVATE COMMUNICATION
UNIVERSITY OF CALIFORNIA, LAW4RNCE RADIATION LABORATORY,
90X 808. LIVERMORE . CALIFORNIA. 9.550

a) EXPERIIENTAL TECHNIOUE 8 .
DATA REOUCTION TECMNIQUE B.

3) THIS IS PRELIMINARY DATA AND FURTHER NOWK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIUIE.
THE DATA ARE BEST OESCRIBED BY MORE tHAN ONE STRAIGHT LINE IN THE
US VS. UP KANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVIESTIOATEO.

41 THE VALUI. OF VOI WAS O'BTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTULE.
A - 5.161 ANOSTROMS
WIYCKOFF, R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS.
NEW YORK. LONDON. SYDICY. 19533 0iN EDITION. VOL. 1. P. 10.

5) SOUND VELOCITIES WERE MEASURED BY H. L. DUNEOAN ISUPPORT ENGINEERINO.
ULrR.A.ANIC OR"P) UNIVERSITY Or CALIFORNIA. LAWRENCE RADIATION
LABOWATORY. BOY 908. LIVERMORE. CALIFORNIA. P.550(61 TIt '.Ql1ICUINAL AND SHEAR VELOCIIIES HAVE ALSO KEN MEASURED BY
S.D-i# . ,;. F.. CARLSON. C. E. AND SPEOING. F. N.. ELASTIC PROPERTIES
OF 'vT .:1U ANM ELEVEN OF THE RARE EARTH ELE•ENtS. JURINAL OF METALS
ITR.SANCTIONdS AIEi OC1. 1957 P. 1I24?. THE MEASUIRE VALUES AREs

CL - iP.AW PLUS OR MINUS 0.011 101/SECj CS - !..10 PLUS OR MINUS 0.016 I101SEC.

UNI11/ 477
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75,
CERIUM

CE

(VO : 0.14"6 CC/G CL a a.35 KM/SEC CO - 1.79 KM/SEC
VOI - 0.14"7"3 CC/G CS a 1.32 KM/SEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSLUE IN KILOBARS
AND DENSITY IN G/CC.

TABL.E

- -- - - - -- SAMP:LE ----------------. STANDARD -- !

RHOO us UFS UP P V/VO MATERIAL P

6.760 1.98 9 1.12 0.58 73 0.694 BRASS 148
6.7'42 3.73 2.90 1.57 395 0.580 BRASS 597
6.753 5.90 6.02 2.93 1166 0.504 BRASS 1543
6.797 3.14 2.18 1.10 235 0.649 ALUCIIMJIN 223
6.798 4.80 4.26 2.08 679 0.556 ALUM I Nll 561
6.797 5.49 5.33 2.62 977 0.523 BRASS 1290

US

COMMENTS:

11 SOURCE: GUST. W. H.
PRIVATE COMMUNICATION( UNIVERSITY OF CALIFORNIA, LAW4RENCE RADIATION LABORATORY.

r BOX 808. LIVERMORE. CALIFORNIA. 94550
2) EXPERIMENTAL TECHNIOUE 8.

DATA REDUCTION TECHNIQUE B.
3) THIS IS PRELIMINARY DATA AND FURTHER WOK IS IN PROGRESS.

TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNI4IIU.
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SIGNIFICANCE OF THIS CHARACTERISTIC IS EING
INVEST IGATED.

4) THE VALUE OF VOl HAS 0STAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTURE.
A - 5.1812 ANGSTROIS
WYCKOFF. R. H. 0.. CRYSTAL STRXUTURES IlNTERSCIENCE PUBLISHERS.
NEWl YORK. LONDON. SYDNEY. 1983) 2ND EDITION. VOL. I P. 10.

5) SOUND VELOCITIES ERE MEASUREO BY H. L. OUNEOAN (SUPPORT ENGINEERING.
ULTRASONIC OROUP) UNIVERSITY OF CALIFOWIIIA. LAIWRENCE RADIATION
LABORATORY. BOX NOB. LIVERMOiE. CALIFORNIA. 94550

' 61 TIE LONGITUDINAL AND SHEAR VELOCITIES HAVE ALSO BEEN MEASUREO BY
SMITH. J. F.. CARISON. C. C. AND SPEWING. F. H., ELASTIC PROPERTIES
OF YTTRIUM AND ELEVEN OF THE RAW EARTH ELEN.NiS. JOURNAL OF METALS
(TRANSACTIONS AM)I OCT. 1967 P'. ILD1. THE MEASR.o VALUES AREI

CL v 6.300 PLUS OR M INUS 0.020 KN/EC
CS a I .33 S US OR MINUS 0.011 VII/SEC.

-IU I'177
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75---?
CER I ULJI

CERII

VO - 0.148 CC/G CO C 1.71 K1/SEC
VOl a 0.14773 CC/O

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN 101/SEC. PRESSURE IN KILOSARS

AND DENSITY IN O/CC.

TABLE

-------------- SAIPLE ---------------------- STANDARD---------

RHOO US UP P V/VO MATERIAL IHOOOST) US(ST)

6.75 9.08 5.12 3133. 0.436 IRON 7.85 11.21
- 6.93 3.54 1656. 0.489 IRON 7.85 8.83
- 5.17 2.42 845. 0.532 ALUMItlNUI 2.71 9.17
- 3.56 1.38 332. 0.612 ALUMINUM 2.71 7.34
- 2.37 0.71 113.6 0.700 ALLUlMINUM 2.71 6.21
- 2.10 0.50 70.8 0.762

US i 1.27 1.5961UP KM/SEC FOR UP BETWEEN 0.7 AND 5.12 KM/SEC

COMMENTS:

1) SOURCE: ALTSHULER, L. V.. IAKANOVA, A. A.. DIDOLADOV, 1. P.

ZHURNAL EKSP. TEORET. FIZIKI V. 53, P. 1967 (1967).
2) EXPERIMENTAL TECHNIQUE A.

DATA REDUCTION TECHNIQUE B.
3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.

THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
S1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US a 5.25 * I.39flP FOR UP BETWEEN 0.0 AND 6.0 KMI/SEC
IRON US - 3.85 + 1.61SUP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOl HAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRICTURE.
A a 5.1612 ANGSTROIMS
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES (INTCRSCIENCE PUBLISHERS. I
NEW YORK, LONDON. SIDNEY. 19631 2M EDITION, VOL. I. P. 10.

6p THE- AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS,
(MIR PUBLISHERS. USSR. 19631 OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS IFIZIATGIZ. USSR. 1963).

C
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76---!

LANTHANUM

LA

VO 0.1834 CC/G CL - 2.77 KM/SEC CO * 2.13 KM/SEC
Vol 0.160 CC/O CS =1.53 KMI/SIEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOBARS
AND DENSITY IN 0/CC.

TABLE

- --------------- SAM'PLE ------------------ STANDARD --

RHOD US UFS UP P V/VO MATERIAL P

6.148 2.59 0.97 0.54a 87 0.790 BRASS 131
6.147 3.84 2.98 1.53 361 0.602 BRASS 553
6.135 5.95 6.09 3.00 1093 0.497 BRASS 1530
6.094 3.39 2.27 1.12 232 0.668 ALUMINUM 223
6.091 4.90 4.45 2.17 648 0.557 ALUMINUM 561
6,098 5.61 2.70 923 0.520 BRASS 1290

US •

COMMENTS:

I) SOURCE.- OUST. N. H.
PRIVATE COMMUNICAT ION

(UNIVERSITY OF CALIFORNIA, LAWRENCE RADIATION LABORATORY.
BOX 808. LIVERMORE, CALIFOIZ,41A. 94550

a) EXPERIMENIAL TECHNIQUE B.
DATA REDUCTION TECHNIQUE B.

3) THIS IS PRELIMINARY DATA AND FURTHER WORK IS IN PROGRESS.
TAKING INTO ACCOUNT THE ACCURACY OF THE EXPERIMENTAL TECHNIQUE,
THE DATA ARE BEST DESCRIBED BY MORE THAN ONE STRAIGHT LINE IN THE
US VS. UP PLANE. THE SiGNIFICANCE OF THIS CHARACTERISTIC IS BEING
INVESTIGATED.

4) THE VALUE OF VOl WAS CeTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTURE.
A a 5.M96 ANOSTROIS
WYCKOFF. R. W. 0.. CRYSTAL STRUCTURES IINTERSCIENCC PUBLISHERS,
NEW YORK. LONDON. SYDNEY, 19631 2ND EDITION, VOL. 1. P. 10.

51 SOUND VELOCITIES WERE MEASURED BY H. L. DUNEOAN ISUPPORT ENOINEERIND.
ULTRASONIC GROUP) UNIVI1RSI1Y OF CALIFORNIA. LAWRENCE RADIATION
LABORATORY. BOX 808. LIVERMORE. CALIFORNIA. 9155

6C THE LONOITUDINAL AND SHEAR VELOCITIES NAVE ALSO KEEN MEASURED BY
SMITH. .J. F.. CARLSON. C. E. AND SPEDOIN. . F. H.. ELASTIC PROPERTIES
OF YTTRIUM AND ELEVEN OF THE RARE EARTH Vi EMENi. JOURNA OF METALS
ITRANSACTION AIME) OCT. 19•7 P. 1212. • MEASURED VALUES ARE:
CL a 8.751 PLUS OR MINUS 0.006 101K1CC
CS a 1.501 PLUS OR MINUS 0.001 K10/IEC.

61
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76- -- 2
LAN THAMJ¶

LAI:

- a 0.163 CC/G CO 2.22 KM/SECSVol a 0.150 CC/0 i

IN THE TABLE BELOW, VIELOCIT"IES ARE GIVEN IN K/SC, PRESSURE IN KILOBARS 'I
AND DENSITY IN O/CC, .

TABLE

------------ SAMPLE -------------- -------- STANDARD --------

RHOO US ip P V/VO MATERIAL RHOO(ST) US(ST)
6.15 9.09 5.27 2946. 0.420 IRON 7.85 11.21

- 6.95 3.65 1560. 0.475 IRON 7.85 8.83
- 5.35 2.49 820. 0.534 ALUMINUM 2.71 9.17
- 4.08 1.66 417. 0.593
- 3.70 1.41 321. 0.619 ALLtIMINUM 2.71 7.34S -- 3.26 1.10 221. 0.663

1.79 0.68 117. 0.756 ALUMINUM 2.71 6.21
- .67 0.48 79. 0,820

- 2.34 0.24 34. 0.,998

US a 2.16 + I.O'UP KM/SEC FOR IP BELOW 1.11 KM/SEC
US - 3.65 4 1.46*UP KM/SEC FOR UP BETWEEN 1.11 AND 4.0 KM/SEC

COtMENTS:

1) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A.. DUDOLA[OV. 1. P.
ZHURNAL EKSP. TEORET. FIZIKI V. 53, P. 1967 (1967).

2) EXPERIMENTAL TECIHNIOQUE A.
DATA REDUCTION TECHNIQUE B.

3) ONLY SHOCK VELOCITIES WERE MEAS•RED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US a 5.25 * t.39'UP FOR UP BETHEEN 0.0 AND 6.0 KM/SEC
IRON US a 3.85 + 1.615"UP FOR UP BETWE.EN 1.0 AND 4.6 KM/SEC

51 THE VALUE OF Vol WAS OBTAINED FROH THE FOLLOWING LATI ICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTURE.
A a 5.296 ANOSTROMS
WYCKOFF, R. W. 0.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEN YORK. LOND1N. SIDNEY. 1963) DO EDITION, VOL. 1. P. 10.

6) THE AUTHORS OBTAINEO THE VALUE OF CO FROM HANOBOOK OF RARE METALS,
IMIR PUBLISHERS. USSR. 19831 OR FRO" C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS *FIZMATOIZ. USSA. 1983).

7) THE DISCONTINUITY Or THE US VS. UP PL.OT AT UP * t1.1 KM/SEC IS
ATrRisJu. TO AN ELECTRONIC PHASE CHW .

UI~tI '.7 -
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! 88---0
S~URANIUM SUMMARY

VO - 0.0533 - 0.0525 CC/O
VOI- 0.05249 CC/G

THE TABLE LISTS I.UGONIOT POINTS CALCULATED FROM THE FITS GIVEN BELOW.
UNIITS ARE: G/CC. KMISEC. KBAR AND KBAR.CCIG FOR THE ENERGY DIFFERENCE.
EL - ELASTIC LIMIT.

TABLE

FIT RHO0 US UP P V/VO E-EO COMMENTS

18.80 3.45 0.0025 1.6 0.9993 0.000031 EL IST WAVE

- 2.610 0.1 49.4 0.9619 0.0475 2ND -
- 2.941 0.3 166. o.e81l 0.442
- 3.272 0.5 307. 0.9473 1.24
- 3.603 0.7 474. 0.806 2.45 IST -
- 3.653 0.73 501. 0.800 2.66 - -

2 - 3.694 0.80 556. 0.783 3.2 - -

- 4.013 1.0 754. 0.751 5.0 - -

- 5.606 2.0 2108. 0.643 20.0 - -

S- 7.199 3.0 4060. 0.583 45.0 - -

.- .792 4.0 6612. 0.545 90.00 - -

3 9.5 1.828 1.0 173. 0.453 5.0 - -

- 3.563 2.0 677. 0.439 20.0-S( -- 5.185 3.0 1478. 0.421 '45.0 - -
- 6.694 4.0 2543. 0.402 80.0 -

- 8.091 5.0 3843. 0.382 125.0

US - 2.445 + 1.6550UP. SIG.US a 0.07 KM/SEC FIt I
FOR UP BETWEEN 0.13 AO .74 , 01/SEC.

US - 2.420 + 1.593"LP. SIG.US - 0.08 KM/SEC FIT 2
FOR UP BETWEEN 0.8 AND 4. KM/SEC

US a 2.483 + 1.579*UP - 0.262(19.05 - RHO0) * FIT 3

S0.0.•419.05 - RHOO'*UP - 0.0059,(19.05-RHOO)*UP0'2.
SIO.UlS 0.16 KM/SEC OVER ALL

WUT SIG.USs 0.3 AT RHOG - 9.5 0/CC
FOR UP BETWEEN I AND 5 AND R4OO FROM 19.05 TO 9.5 0/CC

c COHMENTSI

1i SOURCE: COMPILER
IAl DATA Fmii 0S--- .I.3.4 AND 5 WERE USED FOR TIWSE FITS.
21 THE ELASTIC LIUIT WAS TAKEN rROM NS---5.
31 THC DUAL FIT. I AND 2 IWER MA IN LINE WITH TIH TRANSITION SU9 $S-

TED BY DATA OF U---4.
4) THIS TRANSITION HAS KD[ IONO1 IN 0ERIATING FIT 3 WHICH INCLUCICS

1 . . E. = T



PAGE 8
POROUS DATA, SINCE THE LATTER ARE INSUFFICIENTLY ACCURATE TO SHO1WTIHE TRANSITION. MOST OF THE UNCERTAINTY IN THIS FIT IS DUE TO THE
POROUS URANIUM DATA WHICH SHOW A MAXIMUM OEVIATION

US - US(CAL¢C - 0.7 104PSEC
ANO AN RMS VALUE OF 0.3 KMISEC.

I1

C

ix

asi.f



TABLE , I
URANIUM SUMMARY

2 f 88---O

8

L5I
xx

x I

2 -
c mi

K I

0t' . I p l _ I .

0 "• -- ''r ,- ... ,w ! -I .'



PAGE 282

URANI UM POROUS

URAN I UI U 96 PERCENT
URANIUI OXIDE U-02 4 PERCENT

(

VO .116 (+0R-) .005 CC/G

"IN THE TA.LE FELOW, DENSITY IS GIVEN IN G/CC. VELOCITIES IN HM/MICRO-
SEC. AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/VO

9.5 2.41 1.34 307 .883
- 2.56 1.41 3'43 .893
- 2.50 1.40 333 .877
- 4.05 2.23 858 .993
- 4.14 2.20 866 .933

4.07 2.38 919 .827
. 4.22 2.36 946 M87

- 4.24 2.41 970 .857
- 5.14 2.80 1370 .905

- 5.00 2.97 1390 .794

- 5.04 2.95 1400 .814
- 5.26 -. 90 1450 .891
- 7.94 4.77 3600 .794

- 8.30 4.80 3790 .839
- 7.90 5.20 3900 .676

US - 1.0B6UP - 0.047"UP602. KM/SEC

COIMENTS"

1) SOURCE: SKIDMORE, I.C. AND MORRIS. E.
THERMODYNAIIICS OF NUCLEAR MATERIALS, P. 173 FF. (C1962i
INT•'t•N. AT. EPEROY AGENCY, VlIENNA

ATOMIC WEAPONS RESEARCH ESTABLISHMENT. ALDORMASTON. ENGLAND
2) EXPIRIIENTAL TECHNIQUI A

DATA REDUCTION TECHNiME• 9
THE R4OCK IAS PTODUCED4Y AN EXPLOSIVELY ACCELERATED EN3 STEEL PLATE.

THE SHOCK WAS TRANWITTED TIHROUGH A STEEL PLATE INTO THE SAMPLE.
31 TIH VELOCITY Or TH FLYING PLATE AND THE SHOCK ANO SURFACE VELOCITY

OF THE TARGET PLATE WERE MEASURED AS WELL AS TIHE SAMPLE SURFACE AND
SHOCK VELOCITIES.

41 OATA SCATTER WAS ASOUT 0.03 MICROSC.
Si CORRECTIONS 1RE MADE FOR FLYING PLATE CURVATUIfE OF UP TO I HICROSEC.
at TIC HIGHER PISJURIS WERE OBTAINED BY A SPHERICALLY CONVERGING

SYSTEM.
71 ALL PELLETIA CMrD S~llFKUN4 BY LEAD TO REOUCE LATERAL RA•E•ACTION.

ij..'•/ 1477'
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BB---2
URANI UM

U

VO = .05295 CC/G
VOi , .05249 CC/G

IN THE TABLE PFLOW. DENSITY IS GIVEN IN G/CC. VELOCITIES IN MM/MICRO-
SEC. AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP p V/VO

18.65 3.35 .53 335 .842
18.9 5.80 2.17 2380 .626
18.9 7.55 3.22 4470 .562
18.9 8.66 3.94 6450 .545

US a 2.55 +I.504UP 0 0901(IUP - 2.50|'°2 MM/MICROSEC FOR UP
GREATER THAN 2.50

US - 2.55 + 1.504UP MM/MICROSEC FOR UP LESS THAN 2.50

COMMENTS:

1) SOURCE: SKIDMORE. I.C. AND MORRIS. E.
THERMODYNAMICS OF NUCLEAR MATERIALS. P. 173 FF. (1962)

/ INTERN. AT. ENERGY AGENCY. VIENNA
ATOMIC WEAPONS RESEARCH ESTABLISHMENT. ALDERMASTON, ENGLAND

"2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIQUE B
ALL SAMPLES WERE POSITIONED ON A TARGET PLATE OF STEEL (MTRL. 41---2)
AND THE PRESSURE WAS PRODUCED BY AN EXPLOSIVELY ACCELERATED PLATE OF
STEEL.

3) THE VELOCITY OF THE FLYING PLATE AND THE SHOCK AND SURFACE VELOCITY
OF THE TARGET PLATE WERE MEASURED AS WELL AS THE SAMPLE SURFACE AND
SHOCK VELOCITIES.

43 DATA SCATTER WAS ABOU T O.C3 MICROSEC
5) CORRECTIONS WERE MADE FOR FLYING PLATE CURVATURE OF UP TO I MICROSEC.
61 THE HIGHER PRESSURES HERE OBTAINED BY A SPHERICALLY CONVERGING

SYSTEM.

U06/14/7"7

C-, m iII



TABLE I

URAN I UM
88---2

9
x

8

"7

6

S5

4
xi

3

2

~0

0 I I I iUo -" In1 a- , in COI

, .. , .



PAGE 284
B8---3
URANIUM

U

VO - 0.0531 CC/G
V01=- 0.05249 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G/CC. VELOCITIES IN KM/SEC
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE PROJECTILE

RHO0 US UP P V/VO MATERIAL UFS VELOCITY

18.76 3.66 0.520 355 O.858 BRASS 1.365
18.76 3.62 0.528 356 0.854 BRASS 1.373
18.76 3.61 0.544 362 0.849 BRASS 1.391
18.76 3.60 0.760 515 0.789 BRASS
18.76 3.85 0.837 602 0.783 DURAL 3.415
1 3S18.76 3.94 0.773 570 0. 804 DURAL 3. 250

18.76 3.83 0.790 570 0.794 DURAL 3.270
18.76 3.80 0.755 532 0.801 BRASS 1.905
18.76 3.77 0.762 525 0.798 BRASS 1.883
18.76 4.59 1.33 1150 0.710 3.35
18.76 4.59 1.34 1150 0.708 3.36
18.76 4.58 1.33 1140 0.710 3.35
19.00 4.48 1.33 1130 0.703 3.33
19.00 4.53 1.37 1180 0.698 3.43
19.00 4.56 1.35 1170 0.704 3.40
18.76 5.20 1.68 1670 0.677 4.29
18.76 5.24 1.71 1680 0.674 4.34

.J9.00 5.16 I.69 1660 0.672 4.30
"19.00 5.19 1.69 1620 0.674 '4.25
19.00 5.18 1.70 1630 0.672 4.23

US - 2.77 + 1.39 UP KM/SEC
SIGMA US - 0.105 KM/SEC

COMMENTS:

1) SOURCE: PERSSON, P.A. AND PERSSON, I.
FOA 2 REPORT A 2299-222, SEPT. 1964.
FORSVARETS FORSKNINGSANSTALT AVDELNING. SWEDEN.
UCRL TRANSLATION 1173(L).

2) EXPERIMENTAL TECHNIQUE 8.
"DATA REDUCTION TECHNIQUE B.

33 IN THE EXPERIMENTS USING FLYING PLATE P'ROJECTI'.ES BOTH THE ASE PLATEAND PROJECTILE WERE MADE OF SVENSKA METALLWERKEN ALLOY 11631 WITH

COMPOSITION CU/ZN/PB a 63.0!36.6/0.4. RHO - 8.48 G/CC
CALIBRATION EXPERIMENTS OF THIS ALLOY AGREED TO I PERCENT N TH DATA
BY R. 0. MCQUEEN AND S. P. MARSH. J. APPL. PHYS.. VOL 31 P 1253

U06/14/77
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(1960).

4) THE ALUMINUM ALLOY USED FOR BASE PLATES HAD A COMPOSITION
AL/CU/MG/MN/SI=93.6/4.5/O.6/0.8/0.7 AND IT WAS ASSUMED WITHOUT
CHECKING TO HAVE THE SAME HUGOtNIOT AS REPORTED BY M. H. RICE ET AL.
SOLID STATE PHYSICS. VOL. 16, P 1, (1958).

5) THE VALUE OF VOI WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK, N. Y.. 1963).

.- ,, U06 14/77 V
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URANI LIM

U

Vo = 0.5283- 0.529 CC/G
VO, a 0.5249 CC/o

IN THE TABLE 8ELOW, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC
AND PRESSURE IN KILOBARS.

ii TABLE

RHO0 US UP P V/VO

19.05 3.124 0.4525 269 0.855
- 3.131 0.460 274 0.853
- 3.2825 0.4975 312 0.848
- 3.225 0.510 313 0.842
- 3.308 0.545 344 0.835
"- 3.317 0.546 345 0.835
- 3.390!1 0.535 345 0.842

3.4001 0.585 379 0.828
- 3.3775 0.5925 381 0.824
- 3.408 0.610 396 0.821
- 3.490 0.605 402 0.827
- 3.425 0.6175 403 0.820
- 3.442 0.630 412 0.817
- 3.520 0.645 432 0.817
- 3.480 0.655 433 0.812
- 3.490 0.655 435 9.812

3.595 0.6825 466 0.810
- 3.575 0.6875 468 0.808
- 3.570 0.695 472 0.805
- 3.645 0.682 473 0.813
- 3.650 0.720 500 0.8025
- 3.715 0.708 501 0.809
- 3.705 0.7125 502.5 0.808
- 3.675 0.720 504 0.804
- 3.693 0.7325 514 0.802

- 3.660 0.740 515 0.798
t.601 0.760 521 0.789

- 3.618 0.762 525 0.789
- 3.627 0.767 530 0.789
- 3.655 0.775 539 0.788
- 3.624 0.7975 551 0.780
- 3.718 0.8125 575 0.781
- 3.682 0.829 581 0.775
- 3.779 0.8625 621 0.771

US a 2.317 + 1.85 UP KM/SEC FOR UP BETWEEN 0.0 AND 0.720 KM/SEC.
US - 2.317 + 1.66 UP KM.SEC FOR UP FROM 0.800 KMiSEC

U06/14177
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COMMENTS:

I) SOURCE: VIARD. J.
LES ONDES DE DETONATION. PP. 383-389
EDITIONS DU CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIOGU
15. QUAI ANATOLE-FRANCE. PARIS g1962.

2) EXPERIMENTAL TECHNIQUE B.
DATA REDUCTION TECHNIQUE B.

3) THE FREE SURFACE VELOCITY MEASUREM"ENTS WERE NOT USED BECAUSE OF
RELATIVELY HIGH UNCERTAINTIES IN TIME AND DISTANCE MEASUREMENTS..

A) THE UFS FOR URANIUM IS VERY LOW. THUS THE FREE SURFACE VELOCITY
HAS TO BE MEASURED OVER A VERY SHORT DISTANCE.

6) THE FREE SURFACE IN URAN:UM IS PRECEDED BY A CLOUD OF URANIUM
OF LOW DENSITY THAT PROPAGATES WITH A MUCH HIGHER VELOCITY THAN
THE FREE SURFACE VELOCITY.

4) THE INITIAL DENSITY VARIED FROM 18.93-19.05 G/CC.
5) A PHASE TRANSITION IS OBSERVED AT 505 KILOBARS.
6) THE VALUE OF VOl WAS OBTAINED FROM CRYSTALLOGRAPHIC DATA ON METAL

AND ALLOY STRUCTURES BY A. TAYLOR AND BRENDA J. KAGLE
DOVER PUBLICATIONS. INC. NEW YORK. N. Y. (19631.

i
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URANIUM

u

VOl - 0.05294 CC/G.

IN THE TABLE ý.ELOW. DENSITY IS GIVEN IN G/CC.. VELOCITIES IN KM/SEC..
AND PRESSURE IN KILOBARS. CL IS THE LONGITUDINAL VELOCITY BEHIND THE
SHOCK-FRONT. X DESIGNATES THE SHOCK THICKNESS GIVEN IN MICROSECONDS.
U(PRO) DESIGNATES THE PROJECTILE VELOCITY AT IMPACT. A WEAK PRECURSOR
PRECEDES THE MAIN WAVE. SEE COMMENT 3

TABLE

RHOOI US UFS UP P V/VO C. X UCPRO)

18.89 2.54 0.110 0.055 26 0.978 3.45 0.317
- 2.80 0.395 0.198 105 0.929 3.54 0.390
- 2.60 0.099 0.050 25 0.816 3.48 2.5 0.105
- 2.91 0.520 0.260 143 0.910 3.52 0.1 0.525
- 3.1 0.855 0.428 251 0.862 3.4' 0.1 0.849
- 2.50 0.130 0.065 31 0.974 3.43 1.0 0.152
- 2.71 0.270 0.135 60 0.950 3.32 1.4 0.267

US = 2.48 , 1.53 UP KM/SEC. SIGMA US = 0.05 KM/SEC.

COMMENTS:

1) SOURCE: TAYLOR. J. W.
LOS ALAMOS SCIENTIFIC LAB. REPORT LAEC-5626 (19631
LOS ALAMOS NEW MEXICO

2) EXPERIMENTAL TECHNIQUE G.
DATA REDUCTION TECHNIQUE D. ASSUMING 2P =a UFS. WERE UFS IS THE FINAL
FREE SURFACE VELOCITY OF A BROAD WAVE.

3) THE AVERAGE ELASTIC WAVE VELOCITY IS 3.45 KM/SEC. AND ITS FREE-
SURFACE VELOCITY IS ABOUT 0.005 KM/SEC.. THE AVERAGE PRESSURE IS
1.6 KILOBARS.

4) VOI WAS OBTAINED FROM A.C.A. MONOGRAPH NUMBER 5 (AMERICAN CRYSTALLO-
GRAPHIC ASSOCIATION, POLYCRYSTAL BOOK SERVICE. BPOOKLYN. N.Y.. 1963)
2ND ED.

5) THE PRESSURE WAS ACHIEV'.D BY USING A GUN* TO ACCELERATE A PROJECTILE
WHICH WAS IMPACTED INTO A PLATE CONTAINING IHE SAMPLE.

U06/-14,,77
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URAN I UM

U

VOl = 0.05294 CC/G.

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC.. VELOCITIES IN KM/SEC..
AND PRESSURE IN KILOBARS. CL IS THE LONGITUCINAL VELOCITY BEHIND THE
SHOCK-FRONT. X DESIGNATES THE SHOCK THICKNESS GIVEN IN MICROSECONDS.
U(PRO) DESIGNATES THE PROJECTILE VELOCITY AT IMPACT. A WEAK PRECURSOR
PRECEDES THE MAIN WAVE. SEE COMMENT 3

TABLE

RHOO0 US UFS UP P V/Vo CL X U(PRO)

18.89 2.54 0.110 0.055 26 0.978 3.45 0.317
- 2.80 0.395 0.198 105 0.929 3.54 0.390
- 2.60 0.099 0.050 25 0.816 3.48 2.5 0.105
- 2.91 0.520 0.260 143 0.910 3.52 0.1 0.525
- 3.1 0.855 0.428 251 0.862 3.4' 0.1 0.849
- 2.50 0.130 0.065 31 0.97'4 3.43 1.0 0.152
- 2.71 0.270 0.135 60 0.950 3.32 1.4 0.267

US 2.48 ÷ 1.53 UP KM/SEC. SIGMA US = 0.05 KM/SEC.

COMMENTS:

I) SOURCE: TAYLOR. J. W.
LOS ALAMOS SCIENTIFIC LAB. REPORT LAOC-5626 (19631
LOS ALAMOS NEW MEXICO 4

2) EXPERIMENTAL TECHNIQUE G.
DATA REDUCTION TECHNIQUE 0. ASSUMING 2UP = UFS. WERE UFS IS THE FINAL
FREE SURFACE VELOCITY OF A BROAD WAVE.

33 THE AVERAGE ELASTIC WAVE VELOCITY IS 3.45 KM/SEC. AND ITS FREE-
SURFACE VELOCITY IS ABOUT 0.005 KM/SEC.. THE AVERAGE PRESSURE IS
1.6 KILOBARS.

4) VOl WAS OBTAINED FROM A.C.A. MONOGRAPH NUMBER 5 tAMERICAN CRYSTALLO-
GRAPHIC ASSOCIATION, POLYCRYSTAL BOOK SERVICE. BROOKLYN. N.Y.. 1963)
2ND ED.

5) THE PRESSURE WAS ACHIEVED BY USING A GUN TO ACCELERATE A PROJECTILE
WHICH WAS IMPACTED INTO A PLATE CONTAINING THE SAMPLE.

U06/14/77
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88a---6
URAN I UM

U 99.8 WT. PERCENT

VO 0.05277 CC/G CL - 2.97 KM/SEC CO , 2.63 KM/SEC
V01- 0.05250 - ALPHA U CS ,, 1.20 KM/SEC

V0- 0.0532__9 - BETHA U

THE TABLE LISTS RHO0 IN G/CC. VELOCITIES IN KM/SEC AND P IN KBARS. CUs
COPPER, FS= FANSTEEL AND WF- WEIGHTING FACTOR.

TABLE

-------------- SAMPLE- --------- IMPACTOR - -

RHIO0 US UP P V/VO MAT- U w

18.95 4.206 1.077 859. .7439 FS 2.044 3
18.95 4.902 1.602 1488. .6732 CU 3.885 3
18.95 4.940 1.613 1510. .6735 CU 3.918 3
18.95 5.806 2.086 2295. .6407 FS 4.134 3
18.95 7.596 3.214 4627. .5769 CU 7.967 I

US - 2.443 + I.582*UP KM/SEC
SIG.US 0.072 KM/SEC

COMMENTS:

I) SOURCE: ISBELL W.M.. SHIPMAN F.H. AND JONES A.H.
HUGONIOT EQUATION OF STATE OF ELEVEN MATERIALS TO FIVE MBARS
MATERIALS SCIENCE LABORATORY REPORT: MSL-68-13

2) EXPERIMENTAL TECHNIQUE: A
DATA REDUCTION METHOD : A

3) NOMINAL UNCERTAINTIES ARE: (SIG.US)/US = .005 AND (SIG.U)/U = .0005
4) POISSOU RATIO = 0.402; YIELD STRENGTH - 3.25 KBAR

TENSILE - = 8.55 KBAR
5) IMPURITIES IN PPM.: AL 9, B 0.3. CD 0.3; CR 3. CU 8. FE 10. MG 2.

MI;' 15. MO 2. NI 20, PB 1, S1 40. SM I

U06/ 14/77
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88--- 7
URAN I UM

U 97. WT PERCENT
MO 3.

VO - 0.05420-0.05458 CC/G CL - 3.31 KM/SEC CO 2.53 KM/SEC
VOl - 0.0543 CS a 1.85 KM/SEC

IN THE TABLES BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBAR

AND DENSITY IN G/CC. STANDARD MATERIAL DESCRIBES THE IMPACTOR.

TABLE I

---------------- SAMPLE-------------------- ----- STANDARD -----

RHOO US UP P V/VO MATERIAL

18.450 3.17 0.41 240. 0.8707 URANIUM f
18.450 3.33 0.49 301. 0.8529 URANIUM
18.450 3.67 0.72 488. 0.8038 URANIUM
18.450 3.73 0.75 516. 0.7989 URANIUM
18.450 4.24 1.31 868. 0.7382 URANIUM
18.450 4.54 3.29 3081. 0.7159 URANIUM
18.450 4.53 1.32 1103. 0.7086 URANIUM
18.450 5.19 1.76 1685. 0.6609 URANIUM
18.450 5.31 1.80 1763. 0.6610 URANIUM
18.450 5.36 1.84 1820. 0.6567 URANIUM
18.450 5.83 2.11 2270. 0.6383 URANIUM
18.450 6.06 2.36 2639. 0.6106 URANIUM
18.450 6.27 2.38 2753. 0.6204 URANIUM
18.450 6.51 2.54 3051. 0.6098 URANIUM
18.450 6.76 2.75 3430. 0.5932 URANIUM

US = 2.565 + 1.531"UP KM/SEC HUGONIOT FIT ADOPTED BY THE SOURCE
COMPARISON LEAST SOUARE FITS:

US a AO + AI'UP KM/SEC
AO a 2.553 KM/SEC SIG AO - 0.029 KM'SEC
AU - 1.532 - SIG Al - 0.016 -

SIG US a 0.049

TABLE It

----------------- SAMPLE -------------------- ----- STANDARD-----

RHO0 US UP P V/VO MATERIAL USIST)

18.320 2.96 0.24 130. 0.9189 2024 AL 5.98
18.330 3.07 0.31 174. 0.8990 2024 AL. 6.18
18.480 3.25 0.41 246. 0.8738 2024 AL. 6.45
18.480 3.20 0.42 248. 0.8687 2024 AL 6.45

18.330 3.24 0.43 255. 0.8673 2024 AL. 6.48

U06/14/77
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RHO0 US UP P V/VO MATERIAL US(ST)

, 18.450 3.26 0.45 271. 0.8620 2024 AL 6.55
18.450 3.44 0.58 368. 0.8314 2024 AL 6.87
18.480 3.49 0.59 381. 0.8309 202. AL 6.91
18.480 3.46 0.59 377. 0.8295 2024 AL 6.91
18.450 3.80 0.82 575. 0.7842 2024 AL 7.48
18.480 3.85 O.83 591. 0.7844 2024 AL 7.54
18.480 4.18 1.11 857. 0.7344 2024 AL 8.21
18.480 4.68 1.40 1211. 0.7009 2024 AL 8.95
18.480 5.10 1.55 1461. 0.6961 2024 AL 9.41
18.480 5.10 1.62 1527. 0.682N 2024 AL 9.54
18.450 5.30 1.69 1653. 0.6811 2024 AL 9.74
18.480 5.31 1.75 1717. 0.6704 2024 AL 9.8618.480 5.64 1.88 1959. 0.6667 2024 AL I'1.23
18.480 5.60 1.91 1977. 0.6589 2024 AL 10.28

US = 2.565 + 1.531-UP KM/SEC
AO = 2.534 KM/SEC SIG AO D 0.026 KM/SEC
AIt= 1.603 - SIG Al = 0.023 -

SIG US a 0.058 -

TABLE 111

---------------- SAMPLE -------------------- ----- STANDARD -----

RHO0 US UP P V/VO MATERIAL US(ST;

18.480 3.05 0.32 180. 0.8951 921-T AL 5.98
18.480 3.50 0.62 401. 0.8229 921-T AL 6.80
18.480 3.87 0.88 629. 0.7726 921-T AL 7.48
18.480 4.29 1.17 92e. 0.7273 921-T AL 8.21
* 18.480 4.66 1.41 1214. 0.6974 921-T AL 8.84
18.480 5.20 1.71 1643. 0.6712 921-T AL 9.6518.480 5.60 1.95 2018. 0.6518 921-T AL 10.26

US = 2.565 + 1.531"UP KM/SEC
AO = 2.517 KM/SEC SIG AG - 0.038 KM/SEC
Al = 1.557 - SIG Al - 0.030 -

SIG US - 0.044 -

TABLE IV

--------------US SAMPLE ------------------- - -STANDARD

RHOO LIS UP P V/VO MATERIAL USIST

18.480 2.86 0.19 100. 0.9336 Cu 4.27
18.480 3.03 0.26 146. 0.9142 Cu 4.41
18.480 3.17 0.39 229. 0.8770 Cu 4.64
18.480 3.23 0.41 245. QA.8731 CU 4.68
18.330 3.29 0.47 283. 0.8571 CU 4.78
18.480 3.35 0.53 328. 0.6418 CU 4.87
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URAN IUM

RHOO US UP P V/VO MATERIAL US(ST)

18.450 3.42 0.55 347. 0.8392 Cu 4.93
18.490 3.79 0.80 561. 0.7889 CU 5.37
18.480 3.80 0.82 576. 0.7842 cU 5.40
18.450 3.77 0.82 570. 0.7825 CU 5.40
18.450 3.78 0.84 586. 0.7778 CU 5.43
18.480 3.82 0.84 593. 0.7801 Cu 5.44
18.480 3.83 0.86 609. 0.7755 CU 5.47
18.450 3.91 0.88 635. 0.7749 Cu 5.51
18.480 4.25 1.14 895. 0.7318 Cu 5.97
18.480 4.55 1.30 1093. 0.7143 Cu 6.27
18.450 4.57 1.35 138. 0.7046 CU 6.35
18.480 4.68 1.42 1228. 0.6966 CU 6.48
18.480 5.10 1.67 1574. 0.6725 CU 6.93
18.480 5.09 1.67 1571. 0.6719 Cu 6.94
18.450 5.31 1.80 1763. 0.6610 CU 7.18
18.480 5.48 1.91 1934. 0.6515 CU 7.37
18.450 5.47 1.91 1928. 0.6508 CU 7.38
18.480 5.73 2.00 2118. 0.6510 CU 7.57
18.480 5.75 2.04 2168. 0.6452 Cu 7.62
18.480 5.72 2.04 2156. 0.6434 Cu 7.61
18.480 5.78 2.07 2211. 0.6419 Cu 7.67
18.480 5.95 2.21 2430. 0.6286 CU 7.91
18.480 5.88 2.24 2434. 0.6190 Cu 7.94
18.480 6.10 2.29 2581. 0.6246 CU 8.07
18.320 6.12 2.31 2590. 0.6225 CU 8.08

US = 2.565 + 1.531°UP KM/SEC
AO = 2.552 KM/SEC SIG AO a 0.018 KM/SEC
Al = 1.536 - SIG Al a 0.012 -

SIG US - 0.046 -

TABLE V

----------------.SAMPLE-- ------------------ ---- S TAARD- ...

RHO0 US UP P V/VO MATERIAL USiST)

18.330 3.49 0.57 365. 0.8367 FE 4.93
18.330 3.85 0.82 579. 0.7870 FE 5.49
18.330 4.56 1.31 1095. 0.7127 FE 6.53
18.330 5.0OI 1.61 1487. 0.6806 FE 7.15
18.320 5.77 2.05 2167. 0.6447 FE 8.05
18.320 6.13 2.31 •2594. 0.6232 FE 8.54

US - 2.565 + 1.531°UP KMISEC
AO = 2.592 KM/SEC SIG US - 0.032 KM/SEC
Al - 1.532 - SIG Al - 0.020

S1G US a 0.031

COMMENTS:

U06/14/77
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I) SOURCE: MCQUEEN. R.G.. MARSH. S.P.. TAYLOR. J.W.. FRITZ. J.l'f.,
AND CARTER. N.J.

THE EQUATION Of STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA. KINSLOW (ED.) [ACADEMIC

PRESS. NEW YORK. 1970) CHAPTER VII
2) EXPERIMENTAL TECHNIQUE B

DATA REDUCTION TECHNIQUE A (TABLE 1). B (THE REST)
3) TABLE I LISTS THE STANDARD 4JGONIOT OBTAINED WITH SYMMETRIC IMPACT.

TABLES II THROUGH V CHECK THE INTERNAL CONSISTENCY OF THE OTHER
STANDARDS OBTAINED WITH SYMMETRIC IMPACT.

4)1 ALSO GIVEN ARE V.DP/DE - 2.03. (DV/DT)/V - 3.94E-5 PER DEG. AND
CP - 0.121 JOULES PER G. 0EG.

5) VOl WAS CALCULATED FROM THE ALPHA PRIME - ALPHA DOULE PRIME STRUC-
TURE M!X OBTAINED BY WATER QUENCHING THE GAlIMA PHASE TO YIELD LATTIC
CONSTANTS AO - 2.869 BO w 5.782 C = 4.958 ANGSTROMS AND GAMMA
91. 12 DEGREES. FOR THE ABOVE AVERAGE MOLECULAR HEIGHT OF
227.90 G/MOL. (3 WT PERCENT MO). K. TANGRIC AND G.I. WILLIAMS. J.
NUCL. MATS. NO. 4, P. 226. (1961).

6) THE 921-T AL PLATE STOCK USED '0 OBTAIN THE CROSS CHECK DATA IN
TABLE III IS SLIGHTLY POROUS

U06/14/"77



TABLE I
URAN I UM

88- -7
7

x

x

6 x

xx

5

f3

2

X

0

x2 I

0u -t O t-

UP



TABLE I I
URAN I UM
88---7

/

5

4
Ni

N

3 -xX

0

-2

-3 I ,I I I ,I

UP

-IM -A;



TABLE I I I

URAN I UM
88---7

6

5

x

4

3 x

32

0

-1

"-2

- 3 I I I . . .

0~r m Ua f LO

-UP

Ai..,.



TABLE IV
URANIUM
88--- 7

"7

6 •

x
x

x
5

x
4td

L 3 xD x i

2

0

-2

0 -U

UP



TABLE V

URAN I UM
88---7.

7

x 
i

6

"5 x

4

x

2

II

0

-1

-2 .- I I• .1 I( tpI

0 fu m.t to r

UP

£/.<~



PAGE 294

90--- I
THOR IUMl

TH 99.8 PER CENT OR GREATER

VO= 0.0856 CC/G.
VOl 0.0833 CC/G.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN MM/MICROSEC.
PRESSURE IN KILOBARS. AND DENSITY IN G/CC. l11

TABLE

RHOO US UFS UP P V/VO

11.68 3.497 2.112 1.043 426.0 0.7017
- 3.192 1.604 0.812 302.7 0.7456
- 2.954 1.246 0.620 213.9 0.7901
- 2.900 1.198 0.571 193.4 0.8031

US 2.170 + 1.268 UP KM/SEC SIGMA US= 0.2 PERCENT

COMMENTS:

SSOURCE: WALSH. J. M.. RICE. M. H.. MCOUEEN. R. G. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (1957)

LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.
2) EXPERIMENTAL TECHNIQUE 8

DATA REDUCTION TECHNIQUE B
01 STANDARD MATERIAL 24ST ALUMINUM

3) THE PROF3ABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY
FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PER CENT IN
COMPRESSION AT A GIVEN PRESSURE.

4) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS

C-
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90---2 2
THOR IUM

TH

VO -0.0856 CC/G. CO *2.05 KM/SEC.
VOa = 0.0847 CC/G.
IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC.,

PRESSURES IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO PRESSURE
BRASS STANDARD

11.68 4.51 1.90 1003 0.578 1028
- 4.53 1.94 1026 0.572 1022
- 5.16 2.32 1400 0.550 1403
- 5.11 2.31 1378 0.548 1385
- 5.09 2.33 1384 0.543 1396

- 5.10 2.36 1405 0.538 1414

US = 2.132 + 1.278 UP KM/SEC. SIGMA US = 0.7.1 PERCENT

COMMENTS:

1) SOURCE: MCQUEEN. R.G. AND MARSH. S.P.
J. APPL. PHYS.. VOL. 31. P. 1253 (1960)
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL IS BRASS

3) FOR THE BRASS STANDARD DATA SEE MATERIAL 36-33

4) VOI WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)
2NO ED.

U06/1 4/77
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BERYLLIUM

BE 100 PERCENT

(
VO = .5402 CC/G CO m 8.137 KM/SEC

VOI .540 CCiG C8 a 7.934 KM/SEC

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC, VELOCITIES IN MM/MICROSEC
AND PRESSURE IN KILOBARS.

TABLE

--------- BERYLLIUM --------------- ALUMINUM STANDARD

RHO0 US UP P V/VO RHOO US

1.851 9.174 .931 158.1 .8985 2.784 6.566
9.137 .932 157.6 .8980 2.784 6.566

10.146 1.818 341.4 .8208 2.784 7.670
10.128 1.819 341.0 .8204 2.784 7.670
10.111 1.821 340.8 .8199 2.784 7.670
10.758 2.336 465.2 .7829 2.788 8.306
11.143 2.689 554.6 .7587 2.788 8.735
11.120 2.691 553.9 .7580 2.788 8.735
11.530 3.001 640.5 .7397 2.788 9.117
11.451 3.009 637.8 .7372 2.780 9.117
12.165 3.620 815.1 .7024 2.784 9.858
12.160 3.621 815.0 .7022 2.784 9.858
12.445 3.799 875.1 .6947 2.783 10.08
12.491 3.816 882.3 .6945 2.780 10.11
12.535 3.951 916.7 .6848 2.788 10.25

US = 8.056 + 1.145 UP. SIG.US = 0.038 KM/SEC.

COMMENTS:

11 SOURCE: MCQUEEN, R.G. AND MARSH. S.P.
REPORT NO. GMY-6-566, PP. 51-62 (1964)
LOS ALAMOS SCIENTIFIC LABORATORY, GMX-6, LOS ALAMOS, N. MEX.

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE 8

STANDARD MATERIAL 2024 ALUMINUM
3) THE HUGONIOT ELASTIC LIMIT IS HIGHLY DEPENDENT ON CRYSTAL CRIENTATION

POPE.L.E. AND JOHNSON ,.N. J. APPL. PHYS. V.46 P.720 (1975)

C..
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92-- -2
BERYLLIUM

BE 99.8 PER CENT OR GREATER

SVO = 0.5420 CC/G. CL a 12.89 KM/SEC. CO , 7.81 LKM/SEC.
VOI 0.5412 CC/G. CS = 8.880 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC..
PRESSURE IN KILOBARS, AND DENSITY IN G/CC.

TABLE

RHO0 US UFS UP P V/VO

1.845 9.044 1.697 0.847 141.31 0.9063
- 8.934 1.739 0.865 142.6 0.9032
- 9.112 2.358 1.189 I99.91 0.8695
- 9.332 2.364 1.22! 210.2 0.8692
- 9.851 3.422 1.730 314.41 0.8244
- 9.832 3.235 1.609 291.91 0.8364
- 9.633 3.189 1.592 282.9 0.8347

US = 8.069 + 1.023 UP KM/SEC SIGMA US 1.2 PERCENT

COMMENTS:

I ) SOURCE: WALSH, J. M.. RICE, M. H.. MCQUEEN. R. $. AND YARGER. F. L.
PHYS. REV.. VOL. 108. P. 169 FF. (1957)/
LOS ALAMOS SCIENTIFIC LABORATORY. GMX-6. LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL 24ST ALUMINUM

3) IMPURITIES WERE MEASURED BY SPECTROCHEMICAL ANALYSIS.
4) CL AND CS WERE OBTAINED FROM 0. GRAY. AMERICAN INSTITUTE OF PHYSICS

HANDBOOK. 1957, 2ND. ED., P. 33-82 i
5) THE PROBABLE ERROR PER DATA POINT IS 0.7 PER CENT IN SHOCK VELOCITY

FOR A GIVEN FREE-SURFACE VELOCITY AND APPROXIMATELY I PERCENT IN
COMPRESSION AT A GIVEN PRESSURE.

6) VOI WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW HILL BOOK CO.)
2ND ED.

U06/14/77
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92 --- 3
BERYLL IUM POROUS PAGE I

BE

- VO - 0.772 CC/G
VOI m 0.5420 CC/G

IN TIE TABLE BELOW, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE AL BASE PLATE

RHOO US UFS UP P V/VO PRESSURE

1.274 3.93 1.57 1.40 70 0.644 165
1.31 4.96 2.43 1.68 109 0.661 224
1.295 5.43 3.08 2.11 148 0.612 296
1.31 6.17 3.57 2.24 182 0.637 335

US = 0.79 + 2.33 UP KM/SEC
SIGMA US = 0.302 KM/SEC

COMMENTS:

1) SOURCE: COMPILER
L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.

2) EXPERIMENTAL TECHNIQUE B. STANDARD MATERIAL 2024 AL ALLOY.
DATA REDUC7ION TECHNIQUE B.

3) TIE VALUE OF VOI WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
IDOVER PUBLICATIONS, INC.. NEW YORK. N. Y.. 1963).

C
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92--- 4
BERYL LIUM

TYPE S-200 1-400
BE 98.18 95.77 WT. PERCENT
BE-O 2.00 3.96 - -

C 0.12- 0.18 - -
FE 0.163 0.16 - -
AL 0. 054 0. 04 - -
MG 0. 035 0.02 - -
Sl 0 .080 0. 04 - -

MN ---- 0.01 - -

REST 0.04 MAX 0.10 - -

S-200
VO - 0.5385 CC/G CL= 12.916 KM/SEC CO= 7.87 KM/SEC

CS= 8.86 _KM/SEC
1-400

VO - 0.5316 CC/G CL= 12.83 KM/SEC CO- 7.83 KM/SEC
CS= 8.80 KM/SEC

VOI 0.5421 CC/G

THE TABLE LISTS RHO0 IN G/CC. VELOCITIES IN KM/SEC AND P IN KBARS.
FS= FANSTEEL. CU= COPPER AND WF= WEIGHTING FACTOR.

TABLE

- .------------ SAMPLE ------------------- IMPACTOR--

MAT RHO0 US UP P VIVO MAT U WF

5-200 1.851 9.965 1.631 302. .8363 FS 2.205 3
- 1.851 10.2G6 1.903 363. .8147 CU 2.695 3
- 1.851 11.779 3.459 757. .7063 FS 4.330 3
- 1.851 12.218 3.990 905. .6734 CU 5.596 I
- 1.851 13.034 4.792 3160. .6324 FS 7.734 3 I
- 1.85I 13.970 5.678 1473. .5936 CU 7.945 3

- 1.85! 14.324 6.139 1633. .5714 FS 7.734 i
1-400 I.883 10.981 2.549 526. .7679 FS 3.191 0

US 8.390 + 0.975"UP KM/SEC
SIG.US - 0.017 KMSEC

COMMENTS:

1) SOURCE: ISBELL W.M. . SHIPMAN F.H. AND JONES A.H.
HUGONIOT EQUATION OF STATE OF ELEVEN I'TERIALS TO FIVE MBARS.
MATERIALS SCIENCE LABORATORY REPORT: SL--6W-13

2) EXPERIMENTAL TECHNIOUE: A
DATA REDUCTION METHOD : A

3) NOMINAL UNCERTAINTIES ARE: (SIG.USJ/US a.05 AND (SIG.Ul/U - .005
4) ALSO LISTED: POISSONS RATIO: 0.055; ULTIMATE T"1ISILE STRENGTH:

3.98 KBAR (S-200); 4.60 KBAR (1-400); YIELD ST9IENGTH: 2.58 KBAR
(S-200); 3.86 KBAR (1-400)

5) VOI OTAINED FROM WYCKOFF CRYsTAL STRUCTIURES
(JOHN WILEY AN) SONS, N.Y. 19631 VOL.1

U06/14177
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BERYLL IUM

BE COMMENT 5
0 - -

VO = 0.5402 CC/G CL = 13.18 KM/SEC CO = 8.14 101/SEC
VOI - 0.5421 CC/G CS = 8.98 KM/SEC CB = 7.93 KMiSEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS,
AND DENSITY IN G/CC.

TABLE

----------------.SAMPLE ---------------.---- ----- STANDARD -----

RHOO US UP P ViVO MATERIAL US(ST)

1.850 8.99 0.34 57. 0.9622 CU 4.31
1.850 8.58 0.48 76. 0.9441 2024 AL 5.96
1.850 8.67 0.49 79. 0.9435 2024 AL 5.98
1.850 8.60 0.50 80. 0.9419 2024 AL 5.98
1.850 8.59 0.50 79. 0.9418 .2024 AL 5.98
1.850 8.78 0.68 110. 0.9226 2024 AL 6.22
1.851 9.04 0.88 147. 0.9027 2024 AL 6.47
1.851 9.01 0.88 147. 0.9023 2024 AL 6.47
1.850 9.05 0.93 156. 0.8972 2024 AL 6.53 4
1.850 9.02 0.93 155. 0.8969 2024 AL 6.53
1.850 9.05 0.94 157. 0.8961 2024 AL 6.54
1.850 9.05 1.02 171. 0.8873 921-T AL 6.43
1.850 9.03 1.02 170. 0.8870 921-T AL 6.43
1.850 9.42 1.25 218. 0.8673 2024 AL 6.92
1.850 9.06 1.25 210. 0.8620 2024 AL 6.91
1.850 9.02 1.26 210. 0.8603 2024 AL 6.91
1.850 9.39 1.34 233. 0.8573 921-T AL 6.86
1.850 9.36 1.34 232. 0.8568 921-T AL 6.86
i.850 9.96 1.75 322. 0.8243 2024 AL 7.55
1.850 9.94 1.75 322. 0.8239 2024 AL 7.55
1.851 10.00 1.76 326. 0.82•40 2024 AL 7.56
1.851 9.98 1.76 325. 0.8236 2024 AL 7.56
1.851 9.97 1.76 325. . 0.8235 2024 AL 7.56
1.850 10.01 1.77 328. 0.8232 921-T AL 7.43
1.850 9.97 1.78 328. 0.8215 921-T AL 7.43
1.850 9.97 1.80 332. 0.8195 . 2024 AL 7.60
1.850 10.01 1.84 341. 0.8162 921-T AL 7.52
1.850 9.99 1.85 342. 0.8148 921-t AL 7.52
1.850 10.58 2.21 433. 0.7911 2024 AL 8.12
1.851 10.60 2.27 445. 0.7858 2024 AL 8.19
1.851 10.98 2.62 532. 0.7614 2024 AL 8.61
1.851 10.96 2.63 534. 0.7600 2024 AL 8.61
1.853 11.07 2.78 570. 0.7489 921-T AL 8.72
1.850 11.41 2.92 616. 0.7441 2024 ,L 8.98
1.851 11.36 2.93 616. 0.7421 2024 AL 8.99
1.851 11.29 2.94 614. 0.7396 2024 AL 8.99
1.855 11.42 3.16 669. 0.7233 2024 AL 9.24

U06' 14/77
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BERYLL IU LI

RHOO US UP P V/VO MATERIAL USIST)

1.851 11.84 3.38 741. 0.7145 921-T AL 9.47

1.851 11.78 3.39 739. 0.7122 921-T AL 9.47

1.835 11.86 3.44 749. 0.7099 921-T AL 9.54

1.851 11.98 3.54 785. 0.7045 2024 AL 9.72

1.851 11.99 3.54 786. 0.7048 2024 AL 9.72

1.851 12.09 3.72 832. 0.6921 921-T AL 9.8e

1.851 12.27 3.72 845. 0.6968 2024 AL 9.94

1.851 12.31 3.74 852. 0.6962 2024 AL 9.96

1.851 12.35 3.87 885. D.6866 2024 AL 30.11

US - 7.998 + I.124UP KM/SEC
SIGMA US s 0.137 KM/SEC

COMMENTS:

1) SOURCE: MCQUEEN. R.G.. MARSH, S.P.. TAYLOR. J.W.. FRITZ. J.M..

AND CARTER, W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES,

HIGH VELOCITY IMPACT PHENOMENA, KINSLOW (ED.) (ACADEMIC

PRESS, NEW YORK, 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUE: 8
DATA REDUCTION TECHNIQUE: B

3) VOI FROM WYCKOFF. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS. N.Y.

(1963) VI
4) V(DP/DE) = 1.16
53 OXYGEN CONTENT PROBABLY SMALL. SAMPLES WERE SINTERED.

6) HUGONIOT ELASTIC LIMIT 40. KBAR (C-AXIS). 4. KBAR. BASAL PLANE

U06/14/77
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93---!I
MAGNESIUM

THE DOW METAL PRODUCTS COMPANY ALLOY AZ318

MG 96.0 PERCENT BY WEIGHT
AL 3.0 PERCENT -

ZN 1.0 PERCENT -

VO u 0.563 CC/G CL - 5.60 KM/SEC CO 4.46 KM/SEC
VO! - 0.565 CC/G CS a 2.93 KM/SEC

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS.

TABLE

------------------ SAMPLE ------------------ BASE PLATE

RHOO US UFS UP P V/VO p

1.780 7.49 4.87 2.40 320 0.679 439
1.774 6.12 2.54 1.28 138 0.792 194
1.774 7.21 4.75 2.23 285 0.691 398
1.776 8.2'. 6.31 3.09 453 0.625 620
1.7774 5.47 1.47 0.73 71 0.867 98
1.774 6.12 2.35 1.17 127 0.809 176
1.775 8.64 6.81 3.33 511 0.615 693
1.776 8.11 6.08 3.01 434 0.629 592
1.775 6.67 3.39 1.68 200 0.748 275
1.775 5.51 1.49 0.73 71 " 0.868 100
1.775 6.32 1.43 160 Q.774 222
1.775 7.01 3.91 1.99 248 0.716 339
"1.779 7.31 4.81 2.30 300 0.685 407
1.778 6.70 3.37 1.77 210 0.736 230
1.774 9.86 9.10 4.27 747 0.567 1017
1 .776 7.79 5.16 2.62 361 0.664 493
1.775 5.93 1.95 0.98 103 0.83e4 143
1.774 6.76 3.35 1.69 202 0.750 277
1.773 7.39 4.56 2.19 287 0.704 391
1.775 7.92 5.47 2.80 394 0.646 537
1.776 6.33 2.7u. 1.40 157 0.779 218
1.780 5.98 2.07 1.03 110 0.828 151
1.776 5.42 1.26 0.65 62 0.881 85
1.778 9.49 8.29 3.90 658 0.589 886
1.778 6.02 2.16 1.11 119 0.816 163
1.776 6.91 3.66' 1.85 226 0.732 312

US a 4.65 t 1.20 UP KM/SEC
SIGMA US - 0.008 KM/SEC

COMMENTS:

U06/14/77
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I) SOURCE: COMPILER

L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE. CALIFORNIA.

23 EXPERIMENTAL TECHNIQUE B. (ALUMINUM BASE PLATE)
DATA REDUCTION TECHNIQUE B.

3) THE VALUE OF VOI WAS CALCULATED BY ASSUMING ADDITIVITY OF THE VOLUMES
OF COMPONENTS. THE VOLUMES OF THE COMPONENTS WERE OBTAINED FROM
A. TAYLOR AND BRENDA J. KAGLE. CRYSTALLOGRAPHIC DATA ON METAL AND
ALLOY STRUCTURES (DOVER PUBLICATIONS, INC.. NEW YORK. N. Y.. 1963).

4) SOUND VELOCITIES WERE MEASURED BY H.L. OUNEGAN (SUPPORT ENGINEERING.
ULTRASONIC GROUP) LAWRENCE RADIATION LABORATORY, LIVERMORE. CALIF.

5) PHYSICAL PROPERTIES:
MELTING POINT 627 DEG C
ELECTRICAL RESISTIVITY 9.2 MICROOHM-CM

FROM DOW METALS PRODUCTS CO. BROCHURE (1P962). ON PROPERTIES OF
MAGNESIUM MILL PRODUCTS. DOW CHEMICAL COMPANY, MIDLAND, MICH. U.S.A.

N.f
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93---2
MAGNES I UM

MG

VO - 0.578 CC/G
VOi = 0.575 CC/G

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC, VELOCITIES IN MM/MICRO-
SEC, AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/VO

1.73 8.34 2.93 420 .638
S- 8.61 2.96 440 .657

- 8.42 3.02 440 .651
- 9.22 4.05 645 .562
- 9.18 4.08 648 .555
- 9.64 3.88 650 .600
- 9.54 3.98 660 .586
- 13.43 7.02 1630 .477
- 13.89 7.12 1710 .487
- 13.58 7.32 1720 .461

US - 4.48- 1.2731AP MM/MICROSEC

COMMENTS:

1) SOURCE: SKIDMORE. I.C. AND MORRIS. E.
THERMODYNAMICS OF NUCLEAR MATERIALS. P. 173 FF. t1962)

INTERN. Al. ENERGY AGENCY. VIENNA
ATOMIC WEAPONS RESEARCH ESTABLISHMENT. ALDERMASTON, ENGLAND

2) EXPERIMENTAL TECHNIQUE A
DATA REDUCTION TECHNIOUE B
THE SHOCK WAS PRODUCED BY AN EXPLOSIVELY ACCELERATED EN3 STEEL PLATE.
THE SHOCK WAS TRANSMITTED THROUH A STEEL PLATE INTO THE SAMPLE.

3) THE VELOCITY OF THE FLYING PLATE AND THE SHOCK AND SURFACE VELOCITY

OF THE TARGET PLATE WERE MEASURED AS WELL AS THE SAMPLE SURFACE AND
SHOCK VELOCITIES.

4) DATA SCATTER WAS ABOUT 0.03 MICROSEC.
5) CORRECTIONS WERE MADE FOR FLYING PLATE CURVATURE OF UP TO I MICROSEC.
6) THE HIGHER PRESSURES WERE OBTAINED BY A SPHERICALLY CONVERGING

SYSTEM.C 7) ALL PELLETS WERE SURROUNDED BY LEAD TO REDUCE LATERAL RAREFACTION.

Uffit'I%77
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MAGNESIUM POROUS

MG

SPECIFIC SURFACE AREA ABOUT 1150 (SQUARE CM)/G

VO =.77 AND .575 CC/G
VOI .575 CC/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC. AND PRESSURE IN
KILOBARS. P(ST) IS THE PRESSURE IN THE STANDARD.

TABLE

- - ----- SAMPLE -- --------- STANDARO
RHOD US UP UFS P V/VO P(ST)

1.3 5.88 2.48 9.2 189. 0.578 189.
- 5.70 2.28 8.0 169. 0.600 164.
- 5.10 1.78 7.2 118. 0.651 112.
- 3.98 1.11 4.8 57. 0.721 56.
- 2.82 0.69 2.34 25. 0.755 30.
- 1.58 0.36 0.48 7. 0.771 10.

1.74 6.6 1.74 200. 0.736
- 4.80 0.54 45. 0.887

US=

- COMMENTS:

1) SOURCE: JOHNSON J.O. AND WACKERELE J.
HIGH DYNAMIC PRESSURE SYMPOSIUM, I.U.T.A.M. SEPT.1I-15 1967
PARIS, FRANCE (ALSO PRIVATE COMM.)

2) EXPERIMENTAL TECHNIQUE E
DATA REDUCTION TECHNIQUE: B. STANDARD MATERIAL- LUCITE. WITH

US = 2.75 + 1.490UP AND UP * 0.5oUFS.
3) ESTIMATED PERCENT UNCERTAINTIES FOR THE POROUS SAMPLES ARE 3.5 IN

P(ST), 2.6 IN UP. 2. !N US, 2.3 IN P AND 3. IN V/VO

C
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93---4
MAGNESIUM

MG 99.5 PERCENT OR GREATER

f"

VO - 0.5731 CC/G. CL - 5.74 KM/SEC. CO - 4.44 KM/SEC.
VOI - 0.5756 CC/G. CS - 3.15 K(/SEC. CS - 4.45 K1/SEC.

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN K1/SEC..

EDIT OF 24-1---I SANDSTONE COCONINO
PRESSURE IN KILOBARS AND DENSITIES IN G/CC.

TABLE

SAMPLE STANDARD

RHO0 US UP P V/VO RHOO US

1.745 5.747 0.933 93.57 0.8376 2.784 6.353
- 5.733 0.934 93.44 0.8371 2.784 6.353
- 5.960 1.133 117.8 0.8099 2.785 6.571
- 5.949 1.134 117.7 0.8094 2.785 6.571
- 6.409 1.534 171.6 0.7606 2.785 7.001
- 6.361 1.538 170.7 0.7582 2.785 7.001
- 7.080 1.943 240.0 0.7256 2.285 7.485
- 6.987 1.952 238.0 0.7206 2.785 7.485
- 7.279 2.190 278.2 0.6991 2.785 7.754
- 7.231 2.195 277.0 0.6964 2.785 7.754
- 7.379 2.285 293.8 0.6907 2.784 7.857
- 7.374 2.283 293.8 0.6904 2.784 7.857
- 7.559 2.424 319.7 0.6793 2.786 8.018
- 7.635 2.479 330.3 0.6753 2.786 8.082
- 7.556 2.488 328.1 0.6707 2.786 8.082
- 8.364 3.084 450.1 0.6313 '2.795 8.770
- 8.342 3.067 449.4 0.6299 2.785 8.770
- 9.414 3.821 627.7 0.5941 2.786 9.635
- 9.291 3.839 621.7 0.5864 2.786 9.635
- 9.991 4.344 757.3 0.5652 2.786 10.23
- 9.883 4.360 751.9 0.5588 2.786 10.23

US = 4.507 + 1.255 UP

COMIMENTS:

1) SOURCE: MCOUEEN. R.G. AND MARSH, S.P.
REPORT NO. GMX-6-566. PP. 51-62 (19641
"LOS ALAMOS SCIENTIFIC LABORATORY. G-MX-6, LOS ALAMOS. N. MEX.

2) EXPERIMENTAL TECHNIOUE 8
DATA REDUCTION TECHNIOUE B
STANDARD MATERIAL IS 2024 ALUMINUM

3) THE ALUMINUM HUGONIOT IS REPRESENTED BY
US - 5.355 + 1.345 UP KM/SEC
THE PARTIAL (DE/DP)V a 0.162 CUBIC CM. PER GRAM.

4) VOl WAS CALCULATED FROM THE LATTICE CONSTANTS

U.06/ 14/77



PAGE 307
A - 3.2028 AND C * 5.19983 KX UNITS, OF THE HEXAGONAL UNIT CELL.
AMERICAN INSTITUTE OF PHYS. HANDBOOK (MCGRAW-HILL BOOK CO., N.Y..
1963) 2ND ED.

(U
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93--5

MAGNESIUMi

MG

VO - 0.571 G/CC.
VOI =0.5756

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC.. PRESSURE IN

KILOBARS AND DENSITY IN G/CC.

TABLE

---------------- SAMPLE----------------- -STANDARD-

RHO0 US UFS UP P V/VO UFS

1.75 7.042 3.974 1.970 243. 0.720
- 7.153 3.937 1.920 240 0.732
- 6.944 3.655 1.825 222 0.737
- 6.802 3.844 1.910 *227 0.719
- 6.830 3.526 1.760 210 0.742
- 6.973 3.686 1.835 224 0.732
- 6.711 1.891 222 0.718 3.080
- 6.811 1.879 224 0.724 3.060
- 6.702 1.880 220.5 0.719 3.060
- 6.803 1.865 222 0.726 3.050
- 6.501 .1.772 202 0.727 2.870
- 6.640 1.732 201 0.739 2.830
- 6.527 1.681 192 0.742 2.710
- 6.493 1.716 195 0.736 2.780
- 6.765 1.580 187 0.767 2.600
- 6.631 1.607 186.5 0.75B 2.630
"- 6.435 1.522 172 0.763 2.480
- 6.501 1.623 185.5 0.750 2.640
- 6.443 1.575 178.5 0.756 2.565
- 6.289 1.645 181.5 0.738 2.650
- 6.369 1.513 168 0.762 2.445

- 6.402 1.508 169 0.764 2.445
- 6.172 1.564 159 0.747 2.495
- 6.195 1.555 168 0.749 2.480
- 6.188 1.509 163 0.756 2.415
- 6.273 1.545 170 0.754 2.495
- 6.443 1.460 165 0.773 2.390
- 6.257 1.514 165 0.758 2.430
- 6.060 1.367 145 0.774 2.200
- 6.150 1.384 149 0.775 2.&)0
- 6.195 1.328 144 0.786 2.150
- 6.195 1.365 148 0.780 2.200
- 6.134 1.146 123 0.813 1.870
- 5.938 1.169 121.5 0.803 1.880
- 5.720 1.213 121.5 0.788 1.950
- 6.038 1.202 127 0.801 1.930
- 5.307 0.888 82.5 0.833 1.390
- 5.530 0.884 85.5 0.80 1.405
- 5.446 0.840 80 0.846 1.315

U06/14/77
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RHO0 US LFS UP P V/Vo IFS f
- 5.399 0.845 79 0.843 1.325
- 5.509 0.793 76.5 0.956 1.260
- 5.509 0.792 76 0.856 1.255
- 5.561 0.773 75 0.861 1.240
- 5.537 0.763 74 0.862 1.210
- 5.561 0.760 74 0.863 1.210
- 5.488 0.765 73.5 0.861 1.220
- 5.324 0.774 72 0.855 1.215
- 5.524 0.752 73 0.864 1.205
- 5.636 0.707 70 0.875 1.135
- 5.364 0.713 67 0.967 1.125
- 5.393 0.660 62 0.878 1.040
- 5.458 0.656 63 0.880 1.060

US = 4.529 * 1.212 UP KM/SEC.

COMMENTS:

1) SOURCE: BERGER J. AND FAUQUIGNON C.
PRIVATE COMMUNICATION (1964), B.P. NO. 7, SEVRAN. FRANCE

2) EXPERIMENTAL TECI-!QUE 8
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL ALUMINUM AU4G

3) SAMPLE DIMENSIONS FOR THE US MEASUREMENTS: 2.0 CM DIAMETER
0.5 CM THICKNESS

SAMPLE DIMENSIONS FOR THE UFS MEASUREMENTS: 2.0 CM DIAMETER
0.25 CM THICKNESS

4) VOI WAS CALCULATED FROM THE CONSTANTS, A = 3.20eB AIM C = 5. 19983
UNITS, OF THE HEXAGONAL UNIT CELL.
AMERICAN INSTITUTE OF PHYS. HANDBOOK (MCGRAW-HILL BOOK CO.. N.Y.

1963) 2ND ED.

U06/14/77
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MAGNES I UM

MG 96 PERCENT BY HEIGHT

ZN 3 PERCEN1 - -

ZR I PERCENT - -

VO 0.556 CC/G.
VOl - 0.5756 CC/G.

IN THE TABLE BELOW. DENSITY IS GIVEN IN G/CC., VELOCITIES IN KM/SEC..

AND PRESSURE IN KILOBARS.

TABLE

RHOO US UP P V/VO

1.80 5.24 0.86 BI 0.836
- 5.29 0.87 83 0.836
- 5.42 0.86 84 0.641
- 6.55 1.63 192 0.751
- 6.60 1.69 201 0.744

- 6.83 1.67 205 0.756
- 6.55 1.84 217 0.719
- 6.79 2.13 258 0.689
- 6.86 2.11 260 0.692
- 7.10 2.10 268 0.704
- 8.16 2.96 435 0.637
- 8.29 2.93 437 0.647
- 8.96 3.51 566 0.608
- 9.22 3.92 284 0.619
- 9.21 3.82 633 0.585

US - 4.40 * 1.274 UP KM/SEC.

COMMENTS:

1) SOURCE: HART AND SKIDMORE
PRIVATE COMMUNICATION (1965)
ATOMIC WEAPONS: RESEARCH ESTABLISHMENT. ALDERMASTON,
BERKSHIRE. ENGLAND.

2) EXPERIMENTAL TECHNIOUE A.
DATA REDUCTION TECI-NIOUE B.
STANDARD MATERIAL FE AND BRASS.

3) VOi WAS CALCULATED FOR PURE MAGNESIUJM USING THE LATTICE CONSTANTS
A - 3.20280 AND C a 5.19983 KX UNITS. OF THE HEXAGONAL LN UIT CELL
A.C.A. MONOGRAPH NUMBER 5(AMERICAN CRYSTALLOGRAPHIC ASSOCIATION.
POLYCRYSTAL BOOK SERVICE 1963) 2ND. ED.

"43 THE ABOVE US-UP FIT WH--ICH WAS OBTAINED BY USING IDEAL MIXTURE
THEORY ON THE HUGONIOTS OF THE COMPONENTS IN TA-E P-V PLANE. IS IN
AGREEMENT WITH THE TABULATED DATA.

7v6/ l'/rt 7
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MAGNESIUM

MG

VO = 0.575 CC/G CO 4.39 KM/SEC
VOI a 0.57562 CC/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TA1LE

SSAMPLE STANOAR ---------

RHOO US UP P V/VO MATERIAL RHOOIST) US(STJ

1.74 12.24 6.25 1330. 0.489
- 8.63 3.39 509. 0.607 ALUMINUM 2.71 9.17
- 8.49 3.30 487. 0.611
- 8.02 2,67 372. 0.667
- 7.08 2.08 256. 0.706
- 6.66 1.85 214.4 0.722 ALUMINUM 2.71 6.21
- 5.99 1.12 116.7 0.813

US = 4.41 + 1.274UP KM/SEC FOR UP BELOW 6.25 KMiSEC

COMMENTS:

1) SOURCE: ALTSHULER. L. V.. BAKANOVA. A. A.. DUDOLADOV, I. P.
ZHURNAL EKXP. TEOREOT FIZIKI V. 53, P; 1967 (1967).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US - 5.25 + 1.39*UP FOR UP BETWEEN 0.0 AND 6.0 KM.SEC

5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANTS
OF THE HEXAGONAL CLOSF-PACKED STRUCTURE.
A - 3.20927 ANGSTROMS, C = 5.21033 ANGSTROMS (25 DEG. C)
WYCKOFF, R. W. G.. CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK. LONDON, SIDNEY. 1963) 2ND EDITION. VOL. I. P. It.

6) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.
(MIR PUBLISHERS, USSR, 1963) OR FROM C. KITTEL. INTRODUCTION TO
SOLID STATE PHYSICS (FIZMATGIZ, USSR, 1963).C

U06/14/77
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MAGNESIUM

MG
GRAIN SIZE 5. MM MAX

VO a 0.5731-0.5764 CC/G CC a 5.74 KM/SEC CO a 4.44 KM/SEC
VOl = 0.5756 CC/G CS = 3.15 KM/SEC CB = 4.45 KM/SEC

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TABLE

----------------- SAMPLE --------------------- ----- STANDARD -----

RHOO US UP P V/VO MATERIAL US(ST)

1.745 5.66 0.88 87. 0!.8445 2024 AL 6.26
1.745 5.65 0.88 87. 0'.8442 2024 AL 6.26
1.745 5.87 1.08 I1l. 0!.8160 .2024 AL 6.48

( 1.735 5.91 1.08 111. 01;.8173 2024 AL 6.48
1.745 5.86 1.08 110. 0. 8157 2024 AL 6.48
1.734 6.12 1.20 127. 0d.8039 2024 AL 6.61
1.734 6.28 1.34 146. 0j.17866 2024 AL 6.77
1.734 6.24 1.37 148. 0;.7804 2024 AL 6.80
1.745 6.32 1.47 162. 0.7674 2024 AL 6.91
1.770 6.15 1.48 161. .0L7593 2024 AL 6.91
1.745 6.27 1.48 162. 0'.7640 2024 AL 6.91
1.741 6.38 1.58 175. 01.7524 921-T AL 6.86
1.745 6.98 1.88 229. 0 7307 2024 AL 7.38
1.745 6.89 1.89 227. 0L 7257 2024 AL 7.38
1.734 7.01 1.93 235. 0 . 7247 2024 AL 7.43
1.734 6.76 1.93 226. 0.7145 2024 AL 7.41
1.734 6.87 1.95 232. 0.7162 2024 AL 7.43
1.735 7.00 2.03 247. 0.7100 2024 AL 7.53
1.745 7.17 2.12 265. oL7043 2024 AL 7.64
1.745 7.13 2.13 265. 0.7013 2024 AL 7.64
1.740 7.11 2.14 265. 0'6990 921-T AL 7.52
1.7314 7.25 2.15 270. 0.7034 2024 AL 7.67
1.745 7.27 2.21 280. 0.6960 2024 AL 7.74
1.745 7.27 2.21 280. 0.6960 2024 AL 7.74
1.745 7.45 2.35 306. 0.6846 2024 AL 7.90
1.745 7.52 2.41 316. 0.6795 2024 AL 7.97
1.745 7.45 2.42 315. 0.6752 2024 AL 7.97
1.745 8.24 3.01 433. 0.6347 2024 AL 8.64
1.745 8.22 3.01 432. 0.6338 2024 AL 8.64
1.734 8.83 3.36 514. 0.6195 2024 AL 9.06
"1.734 8.85 3.36 516. 0.6203 2024 AL 9.06C.734 8.79 3.37 514. 0.6166 2024 AL 9.06
"1.734 9.03 3.50 548. 0.6124 2024 AL 9.23
1.734 8.q3 3.51 544. 0.6069 2024 AL 9.22
1.735 9.04 3.72 583. 0. 15885 2024 AL 9.45
1.745 9.28 3.73 604. 0.5981 2024 AL 9.50
1.745 9.15 3.75 599. 0.5902 2024 AL 9.50
3.734 9.75 4.02 680. 0.5877 2024 AL 9.84

U06/14/77
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MAGNESIUM

RHOO US UP P V/VO MATERIAL US(ST)

1.734 9.65 4.03 674. 0.Se24 2024 AL 9.83
1.734 9.54 4.05 670. 0.5755 2024 AL 9.83
1.7145 9.85 4.25 73). 0.5685 2024 AL 10.08
1.745 9.74 4.27 726. 0.5616 2024 AL 10.08

US a 4.492 + 1.263*UP KM/SEC
SIGMA US = 0.089 KM/SEC

COI*lNTS:

I) SOURCE: MCOUEEN, R.G., MARSH. S.1P., TAYLOR. J.W.. FRITZ. J.M..
AND CARTER, W.J.
THE EQUATION OF STATE OF SOLIDS FROM SHOCK WAVE STUDIES.
HIGH VELOCITY IMPACT PHENOMENA. KINSLOW (ED.) (ACADEMIC
PRESS, NEW YORK, 1970) CHAPTER VII

2) EXPERIMENTAL TECHNIQUE: B
DATA REDUCTION TECHNIQUE: 8

3) VO] FROM WYCKOFF. CRYSTAL STURCTURES (INTERSCIENCE PUBLISHERS. N.Y.,

1963) V. I
4) V(DP/DE) - 1.425

(

SC
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93 --- 9
MAGNESIUMg' AZ-318

MG 96.0 WT PERCENT
AL 3.0 UT PERCENT(1. ZN 1.0 WT PERCENT

VO = 0.562-0.565 KM/SEC CL = 5.73 KM/SEC CO 4.52 KM/SEC
VOI = 1.565 KM/SEC CS = 3.05 KMISEC

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC, PRESSURE IN KILOBARS
AND DENSITY IN G/CC.

TABLE

___- .SAMPLE -------------------- ----- STANDARD-----

RHO0 US UP P V/VO MATERIAL USIST)

1. 770 5.53 0.39 38. 0.9295 CU 4.31
1.180 5.30 0.60 57. 0.8868 2024 AL 5.96
"I .'7j70 5.35 0.60 57. 0.8879 2024 AL 5.96
1.ýO 5.33 0.61 58. 0.8856 2024 AL 5.98
1.aO 5.36 0.64 61. 0.8806 921-T AL 5.76
1.780 5.52 0.82 8a. 0.8514 2024 AL 6.20
1.-70 5.60 0.83 82. 0.8518 2024 AL 6.22
1.770 5.95 1.12 118. 0.8118 2024 AL 6.53
I.7l80 5.91 1.12 118. 0.8105 2024 AL 6.53
1.770 5.93 1.13 119. 0.8094 2024 AL 6.54
1.770 5.96 1.22 129. 0.7953 921-T AL 6.43
1.80 6.28 1.42 159. 0.7739 2024 AL 6.87
1.T/0 6.39 2.47 166. 0.7700 2024 AL 6.92
1.I70 7,00 2.03 252. 0.7100 2024 AL 7.55
1.780 7.04 2.04 256. 0.7102 2024 AL 7.56
"1.770 7.14 2.04 258. 0.7143 921-T AL 7.43
1.770 7.09 2.07 260. 0.7080 2024 AL 7.60
1.180 7.12 2.12 269. 0.7022 2024 AL 7.65
1.770 7.66 2.53 343. 0.6697 2024 AL 8.12
1.7e.0 7.70 2.60 356. 0.6623 2024 AL 8.19
1.780 -8923 3.02 442. 0.6330 2024 AL 8.67
1.780 8.5h 3.29 500. 0.6149 2024 AL 8.98
1.780 8.72 3.36 522. 0.6147 2024 AL 9.08
1.780 9.13 3.71 603. 0.5936 2024 AL 9.48
1.780 9.63 4.05 694. 0.5794 2024 AL 9.88
1.7780 20.00 4.14 737. 0.5860 2024 AL 10.03

US - 4.1522 I 1.242"UP KM/SEC
SIGMA US - 0.128 KM/SEC

1) SOURCE: MCOqUEEN, R.G.. MARSH. S.P.. TAYLOR, J4.., FRITZ. J.M..
AND CARTER, W.J.
THE EQUATION Or STATE OF SOLIDS FROM SHOCK WAVE STUDIES,
HIGH VELOCITY IMPACT PHENOMENA, KINSLON MED.) (ACADEMIC
PRESS. NEW YORK. 19701 CHAPTER VIl

UO6/14/77
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2) EXPERIMENTAL TECHNIQUE: B
DATA REDUCTION TECHNIQUE: B

3) VOI AS FOR 93---I
4, V(DP/DE) = 1.434
5) HUGCNIOT ELASTIC LIMIT 1.1 KBAR

(61

(I
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93---10
MAGNESIUM. AZ3IB ALLOY

MG 96. WT. PERCENT NOMINAL
AL 3. - - -

,*, ZN I. - - -

VO - 0.564 CC/G
VOl- 0.565 -

THE TABLE LISTS RHO0 IN G/CC. VELOCITIES IN K1/SEC AND P IN KBARS.

MGm MAGNESIUM. CU= COPPER. FS= FANSTEEL AND WF= WEIGHTING FACTOR.

"TABLE

- --- SAMPLE .....-.-.-------- IMPACTOR--

RHOO US UP P V/VO MAT U WF

1.773 6.731 1.769 211. .7372 MG 3.539 3(1.773 8.020 2.956 420. .6314 ZIG 5.9i1 3
1.773 10.884 4.959 957. .5444 CU 6.631 I
1.773 12.221 6.388 1384. .4773 FS 7.795 3

US = 4.551 + 1.209"UP KM/SEC
SIG.US - O.O03 KM/SEC

COMMENTS:

1) SOURCE: ISBELL W.M., SHIPMAN F.H. AND JONES A-H.
HUGONIOT EQUATION OF STATE OF ELEVEN MATERIALS TO FIVE M8ARS.
MATERIALS SCIENCE LABORATORY REPORT: MSL-68-13

2) EXPERIMENTAL TECHNIQUE: A
DATA REDUCTION METHOD : A ,

3) NOMINAL UNCERTAINTIES ARE (SIG.US)/US = .005 AND (SIG.U'U - .005
4) VOI WAS TAKEN FROM ENTRY 93--- I

U06/14/77
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94 --- 1I

CALC I UM

CA

"VO = 0.656 CC/G
VOl = 0.6536 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G/CC. VELOCITIES IN KM/SEC
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE AL BASE PLATE

RHOO US UFS UP P V/VO PRESSURE

1.523 5.61 4.29 2.15 183 0.618 324
1.523 5.47 4.16 2.16 178 0.605 324
1.527 4.64 2.22 1.15 81 0.753 146
1.526 6.73 7.79 3.44 354 0.489 618
1.524 7.09 6.87 3.45 353 0.488 618

US = 3.58 + 0.91 UP KM/SEC
SIGMA US = 0.062 KM/SEC

COMMENTS:

1) SOURCE: COMPILER
L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY, LIVERMORE. CALIFORNIA.

2) EXPERIMENTAL TECHNIQUE B. STANDARD MATERIAL 2024 AL ALLOY.
DATA REDUCTION TECHNIQUE B.

3) THE VALUE OF VOI WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE,
CRYTSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YCRK, N. Y.. 19633.

U
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CALC I LIM

CA

"VO a 0.658 CC/G CO - 3.36 KM/SEC
VOI - 0.6513 CC/G fl
IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN K1MVSEC. PRESSURE IN KILOBARS
AND DENSITY IN 0/CC.

TABLE

SSAMPLE ....... STANDARD---------

RHOO US UP P V/VO MATERIAL RHOOSTJ US(ST)

1.52 11.13 6.96 1178. 0.375 IRON 7.85 11.21
- 8.42 4.84 619. 0.425 IRON 7.85 8.83
- 7.02 3.77 402. 0.463 ALUMINUM 2.71 9.17
- 6.18 2.89 271. 0.532
- 5.78 2.46 216. 0.574
,-5.48 2.04 170. 0.628 ALUMINUM 2.71 7.34

4.96 1.59 120. 0.679
4.43 0.96 64.6 0.783 ALUMINUM 2.71 6.21

US - 3.55 * 0.912*UP KM/SEC FOR UP BELOW 3.71 KM/SEC
US - 2.08 + 1.308o*UP KM/SEC FOR UP BETWEEN 3.71 AND 6.96 KM/SEC

COMMENTS:

"1.) SOURCE: ALTSHULER, L. V., BAKANOVA, A. A., DLOLADOV. 1. P.
ZHURNAL EKSP. TEORET. FIZIKI V. 53. P. 1967 11967).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US - 5.25 - 1.39"UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US - 3.85 + 1.6154UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF ',01 WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC CLOSE-PACKED STRUCTURE,
A - 5.576 ANGSTROMS
WYCKOFF. R. W. G-, CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK. LONDON, SIDNEY, 1963) 2ND EDITION, VOL. 1. P. 10.

6) THi- AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS,
(MIR PUBLISHERS, USSR. 1963) OR FROM C. KITTEL. INTRODUCTION TO
"SOLID STATE PHYSICS (FIZMATGIZ, USSR, 1963).

7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 3.71 KM/SEC IS
ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/14/77
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95---I

STRONT I LIM

SR

VO = 0.385 CC/G CO - 2.11 KM/SEC
VOI - 0.38711 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS

AND DENSITY IN G/CC.

TABLE

SSAMPLE STANDARD---------

RHO0 US UP P V/VO MATERIAL RHOO(ST) US(ST)

2.60 10.08 6.40 1677. 0.365 IRON 7.85 11.21
- 7.37 4.49 8E0. 0.391 IRON 7.85 8.83
- 5.55 3.35 483. 0.396 ALUM I NUM 2.71 9.17
- 4.64 2.63 317. 0.433 COPPER 8.93 6.45
- 3.94 1.92 196.7 0.513 ALUMINUM 2.71 7.34
- 2.93 0.93 70.8 0.683 ALUMINUM 2.71 6.21

US - 2.10 + 0.94*UP KM/SEC FOR UP BELOW 2.71 KM/SEC
US- G.58 + 1.50*UP KM/SEC FOR UP BETWEEN 2.71 AND 6.40 KM/SEC

COMMENTS:

I) SOURCE: ALTSHULER, L. V., BAKANOVA, A. A., DUDOLADOV. I. P.
ZHURNAL EKSP- TEORET. FIZIKI V. 53. P. 1967 (1967).

2) EXPERIMENTAL TECHNIQUE A.

DATA REDUCTION TECHNIQUE B.
3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.

THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE

1.0 PERCENT.
4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS

ALUMINUM US = 5.25 + 1.39,UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC

COPPER US = 3.95 + 1.50*UP FOR UP BETWEEN 0.0 AND 4.0 KM/SEC

IRON US = 3.85 + 1.615"UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC
5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT

OF THE CUBIC CLOSE-PACKED STRUCTURE,
A - 6.0847 ANGSTOMS (25 DEG. C)
WYCKOFF, R. W. G., CRYSTAL STRUCTURES (INTERSCIENCE PUBLISHERS,
NEW YORK, LONDON. SIDNEY, 1963) 2ND EDITION. VOL. I. P. 10.

6) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS.

(MIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL. INTRODUCTION TO

SOLID STATE PHYSICS (FIZMATGIZ, USSR, 19631.
7) THE DISCONTINUITY OF THE US VS. UP PLOT AT UP - 2.71 KM/SEC IS

ATTRIBUTED TO AN ELECTRONIC PHASE CHANGE.

U06/14/77
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96--- I
BAR ILIM

BA

VO a 0.275 CC/G CO 1 !.66 KM/SEC
VOl a 0.2782 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN KM/SEC. PRESSURE IN KILOBARS

AND DENSITY IN G/CC.

TABLE

SSAMPLE STANDARD ---------

RHOO US UP P V/VO MATERIAL RHOI0(ST) US(ST)

3.63 9.36 6.03 2049. 0.356 IRON 7.85 11.21
- 5.37 3.11 606. 0.421 ALUMINUM 2.71 9.17
- 3.56 1.79 231. 0.497 ALUMINUM 2.71 7.34
- 2.34 0.90 76.4 0.615 ALUMINUM 2.71 6.21('

US =-.11 + |.366*UP KM/SEC FOR UP BETWEEN 0.9 AND 6.03 KM/SEC

COMMENTS:

1) SOURCE: ALTSHULER. L.V.. BAKANOVA. A. A.. DUDOLADOV. 1. P.
ZH-RNAL EKSP. TEORET. FIZIKI V. 53, P. 1967 (1967).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.

3) ONLY SHOCK VELOCITIES WERE MEASURED TO DETERMINE THE STRESS STATES.
THE UNCERTAINTY IN THE SHOCK VELOCITIES WAS ESTIMATED TO BE
1.0 PERCENT.

4) HUGONIOTS OF STANDARD MATERIALS USED WERE AS FOLLOWS
ALUMINUM US = 5.25 + I.391UP FOR UP BETWEEN 0.0 AND 6.0 KM/SEC
IRON US = 3.85 + I.615"UP FOR UP BETWEEN 1.0 AND 4.6 KM/SEC

5) THE VALUE OF VOI WAS OBTAINED FROM THE FOLLOWING LATTICE CONSTANT
OF THE CUBIC BODY-CENTERED STRUCTURE,
A = 5.025 ANGSTROMS (26 DEG. C)
WYCKOFF, R. W. G.. CRVSTAL STRUCTURES {INTERSCIENCE PUBLISHERS,
NEW YORK, LONDON, SIDNEY. 1963) 2ND EDITION, VOL. 1, P. 16.

6) THE AUTHORS OBTAINED THE VALUE OF CO FROM HANDBOOK OF RARE METALS,
(MIR PUBLISHERS. USSR. 1963) OR FROM C. KITTEL, INTRODUCTION TO
SOLID STATE PHYSICS IFIZMATGIZ. USSR, 1963).

C-

U06/14'77

' ' l I l I I I I I I I I maw



TABLE

BARIUM
96--- 1

10

x

9

B "

7

L 6

x

5

4

3

xt

2

0: ,- cU F t 1 OP

UP



PAGE 321
98--- !

LITHIUM

LI

VO - I.B7 CC/G CO- 4.69 KM/SEC.
Vol - 1.873 CC/G

IN THE TABLE BELOW. VELOCITIES ARE GIVEN IN NM/MICROSEC..
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO

0.530 6.329 1.425 47.8 0.7748
- 6.382 1.457 49.3 0.7717
- 6.734 1.941 69.3 0.7118
- 7.433 2.554 100.6 0.6564
- 7.449 2.553 100.8 0.6573
- 8.251 3.231 141.3 0.6084
- 8.893 3.679 173.4 0.5863 S0.58263- 8.92:9 3. 727 176.4 0 .5e26

- 10.192 4.908 265.1 0.5184
- 10.335 4.887 267.7 0.5271

US - 4.589 + 1.154 UP KM/SEC.

COMMENTS:

( 1) SOURCE: RICE. M. H.
J. PHYS. CHEM. SOLIDS. VOL. 26. P. 483 (19651

2) EXPERIMENTAL TECHNIQUE B
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL IS 2024 ALUMINUM

3) CO IS CALCULATED BY USING A BULK MODULUS OF 11.49 E 10 OYNE/CM*12.
C. KITTEL. INTRODUCTION TO SOLID STATE PHYSICS. 10 ED.
JOHN WILEY AND SONS. INC.. NEW YORK. 1956.

4) Vol WAS TAKEN FROM THE A. I. P. HANDBOOK (MCGRAW-HILL BOOK CO.)
2ND ED.

C
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LITHIUM

LI

(
VO a 1.89 CC/G
VOl a 1.876 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G0CC. VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHOO US UP P V/VO MATERIAL UP

0.53 5.86 1. 14 35 0.806 AL 0.69
- 6.43 1.67 64 0.709 AL 1.14
- 7.25 2.59 100 0.641 AL 1.60
- 9.32 4.45 220 0.521 AL 2.a2

10.75 5.54 316 0.485 PLEXIGLAS 4.51
- 11.64 6.42 396 0.446 PLEXIGLAS 5.21

- 12.10 6.81 437 0.437 PLEXIGLAS 5.53
- 12.43 7.15 471 0.426 PLEXIGLAS 5.80
- 12.4O 7.23 475 0.417 PLEXIGLAS 5.85
- 13.14 7.97 555 0.394 PLEXIGLAS 6.44
- 14.39 9.15 698 0.364 PLEXIGLAS 7.38

US - 4.51 + 1.09 UP KM/SEC
SIGMA US = 0.123 KM/SEC(
COMMENTS:

1) SOURCE: BAKANOVA. A.A.. DUDOLADOV, I.P., TRUNIN. R. F.
FIZIKA TVERDOGO TELA, VOL. 7, NO. 6, PP. 1616 - 1622 (1965).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.

3) THE FOLLOWING HUGONIOT RALATIONSHIPS FOR THE BASE PLATE WERE USED:
AL STANDARO US - 5.2, + 1.39 UP KM/SEC RHOO - 2.71 G/CC
PLEXIGLAS US - 3.10 + 1.32 UP KM/SEC RHOO = 1.18 G/CC (FOR US
EQUAL OR GRATER THAN 6.0 KM/SEC).

4) OTHER LISTED LI PARAMETERS:
AT 300 DEG. K

RHOG 0.53 G/CC
COMPRESSIBILITY 9.12 PER MEGABAR
GRUNEISEN COEF 0.907 AT 0.0 DEG. K
RHOO 0.544 G/CC
COMPRESSIBILITY 7.9 PER MEGABAR
ELECTRONIC HFAT CAPACITY 2520 ERG/G DEG. SQUARE

51 THE VALUE OF VOl WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE,
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK. N. Y.. 19631.
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98---3
LITHIUM

LI

S(
VO - 1.87 CC/G
VOI - 1.876 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHOO US UFS UP P V/VO PRESSURE

0.537 9.71 4.77 250 0.509 773
0.533 7.04 4.28 2.14 80 0.696 257
0.531 6.25 2.59 1.29 43 0.794 140
0.534 11.26 10.53 5.68 342 0.496 1017
0.533 8.45 3.48 157 0.588 493
0.533 8.66 6.69 3.72 172 0.570 537

0.533 9.97 8.65 4.87 259 0.510 796
0.533 9.31 8.10 4.33 215 0.535 670

US a 4.66 + 1.11 UP KM/SEC
SIGMA US = 0.232 KM/SEC

COMMENTS:

(1) SOURCE: COMPILER
L.R.L. EQUATION OF STATE FILE
LAWRENCE RADIATION LABORATORY. LIVERMORE. CALIFORNIA.

2) EXPERIMENTAL TECHNIQUE 8 (ALUMINUM STANDARD BASE PLATE).
DATA REDUCTION TECHNIQUE B.

3) THE VALUE OF VOI WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
(DOVER PUBLICATIONS. INC.. NEW YORK. N. Y.. 19631.

C
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99 --- 0

SO01UM SUMMARY

NA

VO a 0.1033 CC/G CO - 2.33 KM/SEC
VOI 0.1034 CC/G

THE TABLE LISTS HIJGONIOT POINTS CALCULATED FROM THE FIT GIVEN BELOW.
UNITS ARE: G/CC. KM/SEC. KBAR AND KBAR.CC/G FOR THE ENERGY DIFFERENCE.

TABLE

RHO0 US UP P V/VO E-EO

0.967 3.7177 3.0 36.5 0.735 5.00
- 5.037 2.0 97.4 0.603 20.0
- 6.297 3.0 183. 0.523 45.0
- 7.557 4.0 292. 0.471 80.0
- 10.077 6.0 585. 0.404 180.

- 12.597 8.0 974. 0.365 320.

(US - 2.517 + 1.260"UP, SIG. US= 0.06 KM/SEC
FOR UP BETWE.EN I AND 8 KM/SEC.

COMMENTS:

I) SOURCE: COMPILER

IA) THE DATA OF 99---I AND 2 WERE USED FOR THIS FIT.
2) VOl AND CO CALCULATED AS IN 99:---I
3) SEE ALSO THE ZERO PRESSURE PROPERTIES IN COMMENT 4 PAGE 99---2

C1

U06/134/77 •(
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9g --- I

SOD I UM

NA

VO - 1.033 CC/0 CO = 2.33 KM/SEC.
VOl 1.034 CC/G.

IN THE TABLE BELOW, VELOCITIES ARE GIVE IN MM/MICROSEC.
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/Vo

0.968 4.336 1.417 59.5 0.6732
- 4.229 1.335 54.7 0.6843
- 4.238 1.347 55.3 0.6822
- 4.918 1.842 87.7 0.6.235
- 4.883 1.869 88.3 0.6172
- 4.914 1.849 88.0 0.6237
- 5.521 2.407 128.6 0.5640
- 5.529 2.404 128.7 0.5652

5.540 2.419 129.7 0.5634
- 5.505 2.375 126.6 0.5686
- 5.561 2.423 130.4 0.5643
- 6.245 2.998 181.2 0.5199
- 6.225 2.996 180.5 0.5187
- 6.925 3.518 235.8 0.4920
- 6.911 3.547 237.3 0.4868
- 7.942 4.300 330.6 0.4586
- 8.036 4.392 341.6 0.4535
- 8.076 4.392 343.8 0.4562

US - 2.563 1 1.242 UP KM/SEC.

COMMENTS:

1) SOURCE: RICE. M. H.
J. PHYS. CHEM. SOLIDS, VOL. 26, P. 483 (1965)

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL 2024 ALUMINUM

3) CO IS CALCULATED BY USING A BULK MODULUS OF 5.92 E+IO DYNES/CM-2.
AMERICAN INSTITUTE OF PHYSICS HANDBOOK, P. 3-81 (MCGRAW-HILL BOOK
COMPANY, INC.. N.Y., 1957).

4) VOI IS ALSO OBTAINED FROM THE ABOVE REFERENCE

UO6/ 14,77
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99 --- 2
SOD I UM

NA

VO - 1.03 CC/G
VOI - 1.035 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G/CC. VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS.

TABLE

SAMPLE BASE PLATE

RHO0 US UP P V/VO MATERIAL UP

0.97 3.91 1.10 42 0.719 AL 0.69
- 4.72 1.77 8l 0.625 AL 1.14
- 5.53 2.43 132 0.565 AL 1.60
- 7.70 4.09 305 0.467 AL 2.82
- 9.26 5.25 471 0.433 AL 3.70
"- 10.57 6.32 648 0.402 PLEXIGLAS 5.85
- 12.52 7.95 966 0.364 PLEXIGLAS 7.38

US = 2.50 + 1.27 UP KM/SEC
SIGMA US = 0.067 KM/SEC

COMMENTS:

(1) SOURCE: BAKANOVA, A. A., DUOOLADOV, 1. P., TRUNIN, R. F.
FIZIKA TVERDOGO TELA, VOL. 7. NO. 6. PP. 1616 - 1622 (1965).

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.'

3) THE FOLLOWING HUGONIOT RALATIONSHIPS FOR THE BASE PLATE WERE USED:
AL STANDARD US = 5.25 + 1.39 UP KM/SEC RHO0 - 2.71 G/CC.
PLEXIGLAS US - 3.10 + 1.32 UP KM/SEC RHOO = 1.18 G/CC (FOR US

EQUAL OR GREATER THAN 6.0 KM/SEC).
4) OTHER LISTED NA PARAMETERS:

AT 300.0 DEG. K

RHOO 0.97 G/CC
COMPRESSIBILITY 16.3 PER MEGABAR
GRUNEISEN COEF. 1.30

AT 0.0 DEG. K
RHOO 1.013 G/CC
COMPRESSIBILITY 14.3 PER MEGABAR

r ELECTRONIC HEAT CAPACITY 596 ERG/G DEG. SQUARE
THE VALUE OF VOI WAS OBTAINED FROM A. TAYLOR AND BRENDA J. KAGLE.
CRYSTALLOGRAPHIC DATA ON METAL AND ALLOY STRUCTURES
MDOVER PUBLICATIONS. INC.. !NEW YORK, N. Y.. 1963).

U06/14/77
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I00---0
POTASSIUM SUIMARY

K

VO a 1.16 CC/G CO 1.96 KM/SEC
VOI- 1.175 CC/G

THE TABLE LISTS THE HUGONIOT POINTS CALCULATED FROM THE FIT GIVEN BELOW.
UNITS ARE: G/CC. KM/SEC, KBAR AND KBAR.CC/G FOR THE ENERGY DIFFERENCE.

TABLE

RHO0 us UP P V/Vo E-EO

.860 3.145 1. 27.0 0.682 5.00
- 4.321 2. 74.3 0.537 20.0
- 5.497 3. 142. 0.454 45.0
- 6.673 4. 230. 0.400 80.0
- 7.849 5. 338. 0.363 125.
- 10.201 7. 614. 0.314 245.(- 12.553 9. 972. 0.283 405.

US - 1.969 + 1.176*UP. SIG.US = 0.04 KM/SEC
FOR UP BETWEEN 1.1 AND 8.4 KM/SEC.

COMMENTS

1) SOURCE: COI'PILER
IA) THE DATA FROM 100---I AND 2 WERE USED FOR THIS SUMMARY.
2) ALL POINTS WERE WEIGHTED EQUALLY
3) VOl WAS CALCULATED FROM THE CUBIC LATTICE CONSTANT A = 5.344 ANGSTROM

All. INST. OF PHYS. HANDBOOK. (MCGRAW-HILL BOOK CO. N. Y.. 1963) 2ND.
ED.

4) CO WAS OBTAINED FROM THE CUBIC LATTICE CONSTANTS:
CII - 37.1 KBAR, C12 - 31.5 KBAR. C44 - 18.8 KBAR

P. A. SMITH AND C. S. SMITH. J. PHYS. CHEM. SOLIDS.. V. 26, P. 279
(1965)

I
116,47
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100---I
POTASSIUM

K

V0 =w 1.163 CC/G. CC * 2.06 KMISEC.
VOI - 1.175 CC/G.

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC.,
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO

0.860 3.641 1.391 43.6 0.6180

- 3.633 1.402 43.8 0.6141
- 4.198 1.882 68.2 0.5500
- 4.187 1.92e8 69.4 0.5395

- 4.258 1.917 70.2 0.5498
- 4.864 2.513 205.1 0.4833
- 4.874 2.532 106.1 0.4805
- 4.921 2.522 106.7 0.4875
- 4.943 2.561 108.9 0.4819
- 4.949 2.561 109.0 0.4825
- 5.489 2.993 141.3 0.4547
- 5.641 3.149 152.8 0.4418
- 5.683 3.174 155.1 0,4415
- 5.747 3.183 157.3 0.4461
- 5.845 3.318 166.8 0,4323
- 7.108 4.324 264.3 0.3917
- 7.258 4.468 278.9 0.3844
- 7.392 4.573 290.7 0.3814

US 1 1.930 1 1.188 IP, SIC.US = 0.039 KM/SEC.

COMMENTS;

1) SOURCE: RICE, M. H.

J. PHYS. CHEM. SOLIDS, VOL. 26, P. 483 (1965)
21 EXPERIMENTAL TECHNIOUE 8

DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL 2024 ALUMINUM

31 CO IS A CALCULATED VALUE OBTAINED BY USING A BULK MODULUS OF
3.61 E II DYNE/CM-*2.

AMERICAN INSTITUTE OF PHYSICS HANDBOOK, P. 3-61 (MCGRAW-HILL BOOK

COMPANY. INC., N.Y.. 1957).
S4) VOi IS CALCULATED USING A LATTICE CONSTANT OF 5.344 ANGSTROMS.

AMERICAN INSTITUTE OF PHYSICS HANDBOOK, (MCGRAW-HILL BOOK COMPANY.
INC.. NEW YORK. 19631 2ND ED.

U06/14/77
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100---2
POTASSIUM

K

VO ,,1.16
VOI 1.099 CC/G

IN THE TABLE BELOW, DENSITY IS GIVEN IN G/CC, VELOCITIES IN KM/SEC.
AND PRESSURE IN KILOBARS

TABLE

----------------- SAMPLE ------------- BASE PLATE

RHO0 US UP P V/VO MATERIAL UP

0.86 3.37 1.15 33 0.658 AL 0.69
- 4.86 2.38 100 0.510 AL 1.50
- 6.99 4.29 257 0.385 AL 2.82
- 9.39 6.32 510 0.327 PLEXIGLAS 6.51(- 11.87 8.41 860 0.292 PLEXIGLAS 7.38

US 2.04 + 1.17 UP KM/SEC
SIGMA US = 0.044 KM/SEC

COMMENTS:

I) SOURCE: BAKANOVA, A. A.. DUDOLADOV. I. P., TRUNIN. R. F.
FIZIKA TVERDOGO TELA. VOL. 7. NO. 6. PP. 1616 - 1622 (1965)

2) EXPERIMENTAL TECHNIQUE A.
DATA REDUCTION TECHNIQUE B.

3) THE FOLLOWING HUGONIOT RALATIONSHIPS FOR THE BASE PLATE 1ERE USED:
AL STANDARD US - 5.25 * 1.39 UP KM/SEC RHOO v 2.71 G/CC

•PLEXIGLAS US = 3.10 + 1.32 UP KM/SEC RHOO -1.18 G/CC (FOR US
EQUAL OR GREATER THAN 6.0 KM/SEC).

4) OTHER PARAMETERS LISTED FOR K WERE:
AT 300.0 DEG. K
RHOO 0.86 G/CC

COMPRESSIBILITY 35.6 PER MEGABAR
GRUNEISEN COEF. 1.30

AT 0.0 DEG. K
RHOO 0.909 G/CC
CCNPRESSIBILITY 18.5 PER MEGABAR
ELECTRONIC HEAT CAPACITY 560 ERG/G DEG. SQUARE

UI06/14/77
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RUBIDIIUM

Re

VO 0.6536 CC/G CO , 1.13 KM/SEC.
VOl 0.6536 CC/G

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN tM/MICROSEC..
PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO

1.530 2.786 1,289 54.9 0.5373
- 2.820 1.312 56.6 0.5348
- 3.412 1.814 94.7 0.4683
- 4.032 2.320 143.3 0.4253
- 4.050 2.373 147.0 0.4141
- 4.988 3.085 235.4 0.3815
- 5.187 3.220 255.5 0.3792
- 5.574 3.563 303.9 0.3608
- 6.256 4.001 383.0 0.3604
- 6.349 4.043 392.7 0.3632

US * 1.184 + 1.232 UP. SIG US = 0.030 KM/SEC.

COMTMENTS:

11 SOURCE: RICE. M. H.
J. PHYS. CHEM. SOLIDS, VOL. 26, P.'483, (1965)

2) EXPERIMENTAL TECHNIQUE 8
DATA REDUCTION TECHNIQUE B
STANDARD MATERIAL 2024 ALUMINMJ

3) CO IS CALCULATED BY USING A BULK MODULUS OF 1.962 E 10 DYNE/CM*2.
C. KITTEL, INTRODUCTION TO SOLID STATE PHYSICS.
(JOHNJ WILEY AND SONS, INC., NEW YORK. 1956) 2ND ED.

U06/14/77
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VO = 0.5476 CC/G CO 0.87 KM/SEC
VOI ,,0.5219 CC/G .

IN THE TABLE BELOW, VELOCITIES ARE GIVEN IN MM/MICROSEC..

PRESSURE IN KILOBARS AND DENSITY IN G/CC.

TABLE

RHOO US UP P V/VO

1.826 2.489 1.402 63.7 0.4367
- 2.493 1.395 63.5 0.4404
- 2.994 1.75e 96.1 0.4126
- 2.998 1.770 96.9 0.4098
- 3.695 2.239 151.1 0.3940
- 3.719 2.268 154.0 0.3902(4.953 3.202 289.6 0.3535
- 5.822 3.894 403.6 0.3312
- 5.847 3.919 418.4 0.3297

US - 0.34 + 1.600"UP 0 O.050"UP**2 KMiSEC. SIG.US=0.0I3 KM/SEC

COMMENTS:

1) SOURCE: RICE, M. H.t" J. PHYS. CHEM. SOLIDS, VOL. 26, P. 483, (1965)
2) EXPERIMENTAL TECHNIQUE B

DATA REDUCTION TECHNIQUE 8
STANDARD MATERIAL 2024 ALUMINUM..

3) CO IS CALCULAED BY USING A BULK MODULUS OF 1.457 E 10 MYNE/CM°2.
C. KITTEL, INTRODUCTION TO SOLID STATE PHYSICS. 20 ED.,

JOHN WILEY AND SONS. INC.. NEW YORK, 1957.
43 VOl IS CALCULATED USING THE LAT'ICE CONSTANT OF 6.13 ANGSTROMS.

W, P. PEARSON, INTERNATIONAL SERIES OF MONOGRAPHS ON METAL PHYSICS
AND PHYSICAL METALLURGY, (PERGANON PRESS, NEW YORK. 19581.

U06/14/7

l Nl.z,.•,' " -.

i /



TABLE I
CES I UM

6US~102---I1

5 x

3 X

xi

En 2

0

-II

-2

-3 I I I I

UP

o - (U ?E1 W


